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THE VIADUCT OF FADES.* concession for which was obtained by it in 1901. The ome vew exigencies that came to light during the 
By Emine Guanint elaboration of the project of this great work gave rise course of the examination of the various projects and 
—? : ‘ : to long and laborious studies. A ministerial decision plans resulted in another delay in the finishing ot the 
in Société Francaise de Constructions Mécaniques 
> “ approving the project of M. Draux, government engi above mentioned line, the exploitation of which had 
of |ouai is at present constructing over the Sioule an ” ’ 
. neer, ordered the construction of a viaduct 1.251 leet been awarded to the Orleans Company 
ir use viaduct designed to complete the railway , 
on - 2 , in length and 434 in width, but the difficulties in the We are indebted to the kindness of M. Virard, gov 
li of Tulle-Clermont and Montlucon-Gannat, the , 
Ris Roe ae way of the construction for a long time retarded the ernment engineer, for the po ity of taying fore 
ially prepared for the ScreENTIFIC AMERICAN SUPPLEMEN’ adoption of a definitive solution of the question, and the eyes of our aders some of the aspects ob the 
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grea certain most remarkable by 
reason of mension anal the tinal character 
ra er 

tota et 1.44 of which 1.231 ar 
for he i i ure lated at an 
iltitude of LSUL feet a it 454.6 feet from the navi 
alle in rl ry t the height 
ne via hat ha hitherto eel considered le 
he nm othe yvortd ind Vas constructed fout 
en enturt wo a Spolet« (in tor Theo 
vat of which the heigh therefore 
feet re on 

Phe vu bac ed in su 1 way 
is to ipable fanding le he 
most untavorable reuumatance hat ‘ i wha 
‘ r be he he Ww \\ n on ot 

combined witt ! or 
ola trait he ! ler ihe itler 
ndergo a pre ‘ i on me exceed 20 ound 
oy the quar n il ‘ ’ he base ¢ it 
tiion 

Phe ota eneth hie je ru 
ve hay i ‘ vith aw feet 
bet=weer th ho Ther i two 
hore roe vl ! r pal ort tl 


I carcely necessary to say that the selection of 
ie material for the construction of a bridge of this 
ind a matier of the greatest importance; and so 


the material emploved in his case for the masonry 
vork especially are of the very best quality For the 
preparation of the cement, granitic sand from the 
vaste heaps of the neighboring quarries is used. This 
material, which inexpensive, is brayed mechanic 
ally vashed with river water, and then tempered 
vith water to form a mortar, which after it has set for 


40), day resists a pressure of 2.860 pounds to the 

square inch The cost of it is much lower than would 

have been that of puzzolana, of which no deposit ex 
vithin less than twelve miles of the place 

The quarries, too n the immediate proximity ot 

he viaeue ifford a granite of which the resistance 

7.865 pounds to the square inch, with cubes 2 inches 


qual Finally, the quarries of Lavadona, at a dis 
furnished the dressed stone and 
ble o rranite of a resistance of S480 pounds to 


i square inch, that served for all the facings. Dress 


ed granite was employed for all the plinths, modil 
on ind parapet i well as for the copings and 

i i! fillime-is Vas done Vith rubble 
There are vo masonry piers and abutments, which 
hie per nto three spans wo shore 
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The copings, which are of dressed stone, are orna 
mented with brackets and astragals and project 3 
inches from the wall of the masonry of the columns 
Bronze cramps, 2 inches square, connect the blocks ot 
stone that constitute the copings 

For the reason indicated above, the bolts of the bear 
ing pieces of the pier to the right are arranged in a 
special manner, they being inserted in an anchorage o! 
l-irons, which are imbedded in the concrete of the 
masonry 

The shore girders rest upon the abutments and 
one of the piers through the intermedium of steel ap 
paratus designed to permit of expansion. These ap 
paratus, which are fixed upon the abutments, consist 
ot two cylinders 2 inches in diameter and 44 in length 
Four circular sectors 2 inches in diameter and 52 in 
length constitute the movable bearings upon the pier 
The height of the masonry piers, say 302.8 feet, which 
had never before been reached, evoked some serious ob 
jections based upon the fear that oscillations might 
he produced therein by the wind as in the case of 
lighthouses, factory chimneys, etc But it is possibl« 
to balance the stress of the wind, which may be calen 
lated in fact, and which is exerted in a known direc 
tion. Moreover, as the girder rests upon the piers and 
abutments, the piers constitute with the latter a com 


LOOKING THROLGH THE TRUSSE 


ture. This latter is supported by string pieces spaced 
2) apart; and L-irons, very close together, sup 
port corrugated iron plate 2.3 inches in thickness This 
irrangement is designed to allow the superstructure 
to resist, witho deformation, the weight of a derailed 


Upon the bridge pieces are mounted the wooden floor 
ing of the superstructure and the sleepers for the rails 


The whole is rendered compact and rigid by cross stays 


ind wind braces. The sleepers, which are of wood. are 
securely bolted to the bridge piece ana oneul nm wiv 
nz strength to the superstructure In case of derail 


ment, in fact, they would hold the locomotive and cars 


in the median part. and therefore serve as guides 
Each of the girders is formed of two chords that 
support a sole 40 inches in width and in two parts ot 
20 inches, which are one inch distant from each 
other These soles are composed of half-inch plates 


that vary in number from one four according to the 


resistance that the girder has to offer The webs are 


formed of one or two plates in inch in thickness 


As for the chords, they are tirally parallel. and are 


spaced 20 inches apart 
A space of 12 inch is lett between the extremities 
ind the face of the abutments in order to permit of ex 


pansion 
\t the upper part of the superstructure will be es 


oO permit of the sur- 


tablished an iron service 


veillance and maintenance of the bridge 
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378 feet each, and a central one of 472. The 
piers support a load of 1,679,524 pounds, and the abut 


ones of 


ments one of 582.332 


The abutment to the right is a semicircular arch 
tts length is 78.75 feet, and its fore part, which is 6', 
eet in width by 29!'. in length, forms the support of 
ie right-shore end of the superstructure, These di 
mensions are likewise those of the fore part of the 
eft abutment, which latter is 32 feet in width, between 
aarapets, by 134 in length It has two semi-circular 
arches, The thickness at the key is 36 inches, and the 
opening is 46 feet There is an intermediate arch 
abutment of & feet at the springings. One of the abut 
ments is 28!. feet in height from the foundation to the 
springings of the arch, while the other has the same 
thickness, but is higher, say 77% feet. The piers rise 
oa height of 302.8 feet above the foundations and are 
provided with parabolic facings Above the founda 
tions they measure 38 and 72 feet, and under the cap 
IS and 36 feet They comprise a crown of 10 feet 
Their section is rectangular with rounded corners 
The width of the small faces remains constant (6'4 
feet) Two openings united by a semi-circular vault 
serve for the mounting of the materials. The thick 
ness is 15% and 6 feet on the small faces, and 21 and 
12 on the large ones. It is the pier of the right-hand 
shore that will support the fixed bearing of the girder. 
and the effects of expansion will therefore be trans 
mitted on one side and the other of this pier. 


OF THE PIER ON LEFT BANK, 


bination to which the superstructure gives all the 
rigidity desirable 

After the question of the piers arose that of th: 
putting of the right girder in place, and which wa 
complicated by the fact that in order to do duty for th 
basin of the Bouble, the Orleans Company had to em 
ploy two-axled coal cars of 20 tons capacity. 

It will perhaps prove of interest to give here a bri 
description of the method of constructing the supe 
structure, the placing of which will offer, as may 
imagined, many peculiar difficulties. ” 

Two frameworks 100 and 130 feet in height, cor 
nected by girders of 71's and 59 foot span, will cor 
stitute a wooden scaffolding that will serve for th 
mounting. This will occupy half a shore span, sa 
about 190 feet. Beyond, the superstructure will be co! 
tinued projectingly, in the first place as far as to th 
neighboring pier (after, of course, having been ba 
anced by means of a 200-ton counterpoise placed nea 
the abutment and distributed over a length of 50 
more feet), and then as far as to the axis of the ce! 
tral span. For this purpose, there will be utilized 
cage that will roll over the finished part of the supe 
structure. Compressed-air machines will be employs 
for the riveting, unless it becomes necessary to perfor! 
the work by hand. The cage will move forward by on 
panel of 25 feet in measure as the mounting proceed 

The same operation will be performed on both halve 
of the superstructure, which will be joined in the cen 
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190d, 


Hydraulic 
bearings 


Vv causing the extremities to coincide 
The 
m the abutments will be lowered at the same time 


Will be used for this purpose 


mass manipulated may be estimated at about 70 
ns of cast steel, 1.800 of rolled steel, and 475 tons of 
ed iron The quantity of filling for excavations 


{ tonndations reaches 282.400 cubie teet, and the 


work comprises more than 955,000 cubic 
140.000 of scabbled stone, and 15,750 


onry 
wdinary rubble 
lressed stone 
important one and by far ex 
is the remarkable ones of Garabit Viar, and 
eover, is differentiated from those viaduets by im- 
which, while zeneral cost, 
increased the strength of the structure. 


The work is a very 


and 


ements reducing thi 


ARTIFICIAL CENTERS OF POWER 


of the most important openings tor tuture engl 


ing enterprises is the establishment of large powe 


ers, not only where water power is available, but 
re fuel is abundant as well. 

ike, for example, the vast coal mines in the vicinity 
Philadelphia and those in the vicinity ol 


power tor industrial es 


he «ity ot 
Louis In each 
hments and all kinds of moving machinery 


case the 


large 


{ small, in use in the city, including the street 
and the rolling stock on all roads, can well 


from large gen 
mines Add to 
=uffi 
needed for 

and 


electrical currents 
near the 


furnished by 
establishments 
establishment of gas 

furnish all the gas 
heating 
purposes in a great city. In the case of St 


ing 
above the works 
nily large to 


imination, for gas engines, tor Cook 


Louis 


PLER AND ABU TMENT OF RIGHT SHORE, 
those gas works should be near the extensive coal 
mines of Belleville. and other coal-producing regions 
m i few miles from the city 


The effect of these two great steps forward upon the 
physical and sociological characteristics of a city can 
ha be over-estimated. The ultimate economy and 
onvenience of such installations are enough to justify 
lem. We have vet to learn how cheaply fuel gas and 
eurrents can be furnished to large concentrated 


electric 
‘roups of consumers. But omitting all questions ol 
mer financial economy, what a saving in health. 
teva and enjoyment! The London fogs which we 
Nee © much about are produced largely by London 
meoke, and the prevention of smoke will to a very great 
X be the prevention of the tog. I look forward to 
he day when, instead of a small volcano of smoke from 
3 ' ck crater above every house, St. Louis will have 
Bs 1 heating and cooking done by gas, and all power 
4 Ww v furnished by electric currents, or by gas and 
co ustion engines, both gas and electricity coming 


he gas works and power plants at the mouths of 
the coal mines in Tllinois. What an era of cleanliness 


ane comfort this presages! This era of cleanliness 
\ e brought about by the engineers. Hence engi- 


ne ig education must see to it that engineering stu- 
det ire prepared for their high mission. The pro- 
mM ‘Million Club” of St. Louis bears no comparison 
W 1 possible “Clear Sky Club.” The former pro- 
1" 0 seduce 250,000 non-resident smoke-makers into 
jo the 750.000 smoke-makers already resident in 
Ss tis, thereby making smoke enough to shut out 
th n entirely (they almost did it during a whole 


November) The “Clear Sky Club,” on the 


propose to eliminate all 


week last 
smokers by 
thereby 
250.000 


hand, will 
sending coal-burning power plants to the mines 
and beautiful that 
clear skies and godliness will seek 
homes among us of their own accord. The elimination 
of smoke, and will make St. 
lutely bright and clean, and similar improvements here 
toward producing the same beneficial re 
Philadelphia. Already our cities 
arrangements tor, an abundant 
This has been and still is a great 
branch of engineering, and it deserves an important 
place in our schools of engineering. We must next pro- 


leaving the city so clean 
lovers of pure air 


soot ashes Louis abso- 
would go tar 
suits in the city of 

have, or are making 
supply of pure water 


vide pure air and a clear sky 

These steps forward involve no very great addition 
to our enzineering knowledge, but they give 
tunity for engineering enterprises, and they show most 
co-operation is in such work. 
works require 


oppor 


essential 
plants and 
unless we fly to the extreme of 


clearly how 


Large ‘Xteonsive gas 
much 
public ownership 
plants and gas plants; the laying ol 


powell 
private capital, 
The economic construction of large 
pipe lines 
and an unprecedented amount of electric cables, all or 
nearly all vreat field) and 
furnish great opportunity (. M. Wood- 
ward in a paper read at St. Louis. 


power 


underground, constitute a 


engineering 


COMBUSTION ENGINES. 


In the words 61 M. Woodward, “the clumsy steam 
engine, with its wastetul furnace. its huge boiler and 
chimney, is doomed. It has done creat work in produe- 
inv available energy and in wasting still more. It ha: 


played a most important part in modern civilization, 
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Originally it was designed to burn powdered coal mixed 
with hot compressed air; but crude petroleum = was 
found to be preferable. So long as oil flows abundantly 
trom wells, oil will generally be used, but powdered 
fuel, native or vrepared, will prevail ulti 
mately. The economy and directness of the combustion 
motor cannot be excelled, and when a tew years of 
study and experiment have been applied to the work 
of simplifying the mechanism (it was a century from 
James Watt to a triple-expansion Corliss), we may ex 
pect it to come into general use for all great central 
power stations, 

“The vitality of the steam engine is due to-day to the 
mechanical perfection ot Its simplicity is 
marvelous. It is started and stopped with the greatest 
ease and it almost The invention 
of the steam turbine has prohably given to the furnace 
The wonderful 

venerators 


doubtless 


its design. 


takes care of itsell 
and steam boiler another lease of life. 
adaptability of the turbine for electric 
something which was not anticipated, 

“Will not someone design and construct a combus- 
tion engine which shall consume continuously oil and 
compressed air, thus maintaining a high pressure ina 
and driving a turbine with the products ot 
the combustion used expansively as is now done with 
steam? The proposition is an attr both tor 
the lecture room and for the engineering laboratory. It 
is sufficient now to call attention to its and 
to indicate a point for study and progress 

‘It will not be amiss for 


gas chest 


‘live one 


possibility 


Diesel en 
for power and light 
fair in St. 


me to quote the 
given me by the engineer in charge of the 
vines which drove the generators 
in the “Tyrolean Alps’ at the late 
Lonis. 


world’s 


LEFT SHORE ABLTME 
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muir hands, but nothing can stay 
will pro- 
xecution has not 


and it deserves well at 


the decree of progress. Sentence soon be 


nounced, but the day ot heen set I 
expect to see the day when steam power plants 
will cease to exist, but my children will see such a day 

“Think for a moment of the complicated 
indirect method of procedure for converting the energy 
stored in coal into mechanical energy in a moving pis- 
ton or a revolving shaft Coal and air are fed into a 
furnace where combustion converts them into great vol- 
umes of @ mixture of hot gases. The greater part ol 
the heat and all the volume ol escape 
through the chimney, a smal! part of the heat only is 
drawn off by the steel shell and tubes of a boiler and 
which is thereby trans- 
generation of steam 


never 


present 


these gases 


transmitted to a body of water 
formed into steam. The steady 
against high pressure, added to its expansion as the 
is reduced, enables it, when conducted to a 
revolve a shaft, thereby 
The clumsiness of the 
wastefulness, which 


pressure 
eylinder, to drive a piston or 
preducing mechanical power 
operation is equaled only by its 
varies from 88 per cent to 95 per cent 

‘The problem to-day is: ‘What is the most direct and 
most economical road from coal to moving machinery? 
Engineers are attacking this problem on all sides, and 
attacking it successfully: gas engines and combustion 
engines of variotis sorts bear witness. The future prime 
mover will burn (not explode) its fuel in the working 
cylinder, and the piston will be driven, first by the 
products of combustion as their volume increases, and 


secondly by their expansion against a diminishing re- 


sistance. I predict great things of the Diesel motor. 


NT OF THE VIADECT 


“These engines, three in number, of 225 horse-power 
were the observed of many observing engineet 
during the seven months of the fair. The assistant 
engineer in charge kept daily records of the work done, 
and fuel used, and kindly gave me a sample of his re 
The details are extremely interesting rhe 
work was measured at the switchboard, no allowance 


each, 


ports 


being made for less of energy in the engine, air 
and generator. The total 
between noon and midnight was 2,76 
This is equivalent to 3.711 horse-power hours 

“Total fuel used (indiana oil), 266 gallons 

“Fuel per 100 kilowatt hours, 9.58 gallons, 

“Fuel cost in car-tank lots, 3 cents per gallon. 

“Cost per 100 kilowatt hours, $0.287 

“Cost of the day's fuel, $7.98, or 
power hour. 

“Thus one cent paid for the fuel for one horse-power 
for tour hours, forty minutes 

“The three engines worked under about two-thirds ot 
a full load and three gallons of lubricating oii 
during the day 

‘The above figures seem to me remarkable. 

“While still wasteful, as nature measures 
these engines are several times as efficient as the better 
styles of ordinary steam engines. Doubtless they lack 
simplicity and the certainiy of action which 
from experience and close study: but I cannot help 
feeling that the road to the future ‘prime mover’ runs 
hard by the construction shops of an internal-combus 


pump 
work of the three cneine 


kilowatt hour 


2.15 mills per horse- 


used 


energy 


comes 


tion engine. Jet students and professors take warn 
ing.” 
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SPARK COLT 

The park coil as used on usoline eut vith jump 
spark ignition i ‘ in oblong hardwood 
box, With a magnetic trembler or buzzer on one end 
and the necessary bindin Crew oO conned he wires 
to It is certainly a very important part of the power 
mechanism, somewhat delicate, and frequently in need 
of attention, but very tew are he «drives who thor 
oughly understand the principles of its operation. The 
literature issued by the oll manufacturer is a rule 
contains nothing from which the b nner mikht learn 
anything about coils, and tor those beginners who wish 


DIAGRAM OF SPARK COLL 
fo get an insight into the modus operand: ot this device 
aun attempt will be made hers Oo make the ubject 
clear 

Kefore we begin the description of the coil, it) will 

be advisable to first briefly refer to the phenomenon 
of electromagnetic induction upon which the spark 
depends, and to the nature of the two kinds of sparl 
the contact spark and the jump spar 

A SOURCE OF CURRENT REQUIRED 


it will be understood, of course, that to produce an 


electric spark we muet, first of all, have a source of 
electric current, which may be a battery of dry cells, 
ot wet cells, or of storage cell a dynamo or a mag 
neto generator Every source of electric current 
has two terminals or pol and in order that a 
current may be produced, the terminal must be 
connected to each other by a continuous conductor 
say a metallic wire If the conductor is interrupted 
or broken at any point along its length, the cur 
rent ceases to tlow The path of flow of current is 
called its cirenit 


with 
moving 


flowing in a conductor is endowed 


similar to that of the 


A current 


a property inertia of 


bodies, and may for practical purposes be regarded 
as possessing inertia. When a person rides in a vehicle 
at a good speed, and the speed is suddenly reduced, 
as by spplying the brakes, he is thrown forward 
from the seat, owing to his inertia Similarly, when 
the speed is suddenly increased, as by throwing in a 


“flerce”™ or quick gripping clutch on an automobile, 
or whipping up a horse, the occupants of the vehicle 
are thrown back against the seat, owing to their in 
ertia. Inertia is defined to be that property of matter 
by virtue of which it tends to per t in its state of 
rest or motion (or opposes chang in its state of rest 


current also possesses @ prop 


or motion) An electri 
erty by virtue of which it 
ot flow, both increases and 


opposes changes in its rate 


decrease 


When a circuit in which a current flows is broken, 
the current, as already pointed out, ceases, but owing 
to its inertia it does not cease instantaneously, but is 


the break, the same 


vehicle is 


literally carried across the gap at 


suddenly stopping carried 


as a person in a 
from his seat \ current thus carried across an air 
gap forms an electric spark 
INDE CTANGE 
In electric science the term “inertia” is not used how- 


ever: it is more convenient to assoctate the property 


here described with the circuit than with the current 
The same idea which we here attempt to convey by 
saving an electric current has inertia, is conveyed by 
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The problem then is to produce a cireuit of large sell 
Indietance 

The sellinduciancee of a conductor depends upon 
its length, the manner in which it is arranged, and 
tpon the surrounding medium With a straight con 
ductor it is proportional to the length, but the indue 
tanee of thi ame conductor may be increased by 
Winding the latter up in a coil, and may be still fur 
ther increased by inserting a core of soft iron wire 
into the coil, Consequently, a coil of insulated wire 


wound iron has a compara 
and if 
say a 
current will 
atter the break has 


be produced at the point of the 


over a core oft olt wire 


source oft 


such a coil is con 
battery, and the 
persist in flow 


occurred, 


tively larae Inductance 


nected to a current, 


connection is broken, the 


ing for a hort) time 


and a spark will thus 


break in the cireuit 


NATERE OF CONTACT SPARK 


Air offers an enormous resistance to the passage of 


an electric discharge or spark, and it is figured that 


an electric pressure of 10,000 volts is required to make 
a spark jump a gap of 1-16 inch in the atmosphere, 
While the ordinary ignition battery of four dry cells 
has a pressure of only six volts But if the spark 
terminals are first brought in contact and then sep 
arated while an electric current is passed through 
them, a sufficiently hot spark may be produced with 
only the limited pressure of the small dry battery 


moment the spark occurs the pressure 
over that of 
the 


However, at the 
the circuit increased 


by the effects ot 


is greatly 
the self-inductance of 


acting in 
the battery 


cirenit \s soon as the mechanical pressure between 
the two points in contact is removed, and the points 
begin to separate, the electrical resistance at this 
point is greatly increased, which results in the pro- 
duction of considerable heat This heat raises the 
contact points to such a high temperature that a little 
of the metal of the contacts is vaporized, filling the 


intervening space between the contact points, and form- 
comparatively little 
after they are separated. 
allowed to flow across the gap, for 
after the points have separated, 
has been broken, constituting a spark. 
the spark occurs is the red-hot 
“electricity” as many suppose. 
spark is known as the “contact spark,” 
and to some extent for ignition purposes. 
However, the spark with which we have 
more particularly to do here is the jump spark, which 


conductor of resis- 


the 


ink a Laseous 
tance 

Thus a 
short 
and the circuit 
What one 

particles of 
This kind of 


between points 
current is 
time been 
sees when 
metal, not 
is used 


tvpe ot 


passes between spark points remaining permanently 
at a certain distance from each other, from 1-32 to 
1-16 of an inch. To obtain a spark under such con- 
ditions, it is obviously necessary to produce a very 
high electric pressure in some way. It was stated 
above that about 10,000 volts are required to cause a 


spark to jump across a gap of 1-16 inch in the atmos- 
phere; but it is found that in the compression chamber 
of an engine, where the pres the time the spark 
is wanted, that is, at the end of compression stroke, 
is from 60 to 100 pounds per square inch above atmos- 
from five to eight times 
produce a_spark 
points be about 1-16 inch apart, 
in some way be produced 
Which the dry battery or 
places at our disposal. This 
the jump spark coil or 
action of which is based upon the 
induction 


sure at 


phere, an electric pressure 


as great is required to Conse- 
quently, if the spark 
50.000 to volts 
the 


source ol 


must 


five to six volts 
current 
means ol 


from 
other 
is accomplished by 
the 
mutual 


induction coil, 


phenomenon ot 


MUTUAL INDUCTION, 


two electric circuits, say in the form of 


Suppose 


SECTIONAL 


the electrician by saving the reuit has self-inductance 


That a cirenuit or a conductor ha elf-inductance, then 
means that it possesses a property by virtue of which 
it opposes variations in the strength of current flowing 
through it It will now he seen that a spark may be 


produced by connecting a source of current to a cir- 


cuit of great self-inductance, and then breaking or 
interrupting the circuit at some point Owing to the 
self-inductance of the cirenit the current will con 
tinue to flow for a short time after the cirenit: is 
kroken; in other word a spark will be produced, 


VIEW 


OF SPARK COLL, 
spools or located side by side, the one in- 
cluding a source of electric current and the other none. 
the source of electric current 
will be found that 
opened or closed an electric 
current is produced in the 
has absolutely no metallic 
This effect is due to mu- 
cirenits. The circuit 
is called the primary 
circuit. When 


coils, to be 


containing 
opened and closed, it 
time it is either 
momentary 
although it 
the former 
between the 
current 
the secondary 


If the ecireuit 
is alternately 
every 
impulse or 
other cirenit 
connection 
tnal 
containing the 
and the 


with 
induction two 
source ot 


cirenit, other 


1005, 
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the primary circuit is Lroken, the current induced in 
the secondary circuit flows in the same direction as 
the current in the primary circuit, but when the pri 
mary is closed again, the current induced in the sec 
ondary circuit is in the opposite direction. The in 
ductive effect lasts only while the current in the pri 
mary winding varies in strength, and no matter how 
strong a current may flow in the primary winding 
if it does not either increase or decrease in value 
there is no induced electric impulse in the secondary 
The pressure of the electric impulse induced in the 
secondary coil depends upon the rate of variation ot 
the current in the primary circuit, the ratio of the 


number of turns in the secondary coil to the number 


of turns in the primary coil, upon the proximity ot 
the two coils, and upon the medium surrounding the 
coils. In order to produce a very strong electric pres 
sure in the secondary coil, the latter must consist ot 


a very large number of turns, while the primary has 
only few; the flow of current in the primary must be 
stopped or started as quickly as possible; the two 


coils must be located close together, and a core of soft 


iron wire must be passed through the coils. 


NECESSITY PHOROUGH INSULATION, 


With the high pressures obtaining in ignition work 
#reat care must necessarily be bestowed upon the insu 


lation of the coil. The primary winding must be thor 


oughly insulated from the secondary winding, and 
both must be insulated from the core. Only the best 
insulating materials should be used in insulating a 
coil. The following is the usual method of construc- 
tion ot a coil. 

The core is made of thin, specially annealed iron 
Wires cut to exactly the same length. It is usually 
about three-quarters inch in diameter. Over the core 
is slipped a tube of hard rubber, for insulating pur 
poses, and over this are wound two or more layers 
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Fie. 1.—PRODUCING A SPARK WITH AN 


INDUCTION COLL. 

ot primary wire. This may be of No. 14 to 16 gage, 
and insulated with cotton. Over this is wound a layer 
ot insulation, and over that the secondary winding. 
The secondary winding consists of very fine silk in 
sulated copper wire, and the succeeding layers are 
further insulated from each other by a layer of par- 
affined paper. The secondary winding is usually 
wound on two or more spools, at some distance from 
each other along the length of the coil, these spools 
being connected in series; that is, the end of one 
spool is connected to the beginning of the adjacent 
spool. In this way, the inductive effect obtained is 
the same as if the whole secondary winding was wound 
in one spool, but the voltage between successive layers 
in each spool is and there is consequently 
strain on the insulation. Practically speaking, each 
turn or convolution of the secondary winding has a 
certain pressure induced in it, and the pressure of all 
the turns is added together. Consequently, the stress 
on the insulation between successive layers is the 
greatest between the first turn of one layer and the 
last turn of the next layer, and depends upon the 
number of turns between these first and last turns 
respectively. Now, evidently this number of turns 
is smaller when the layers extend only one-half or one 
third the whole length of the coil than when they ex- 
tend one whole length. The stress on the insulation 
between layers is practically halved by winding the 
coil in two spools, for instance, and connecting thes« 


less, less 


in series. 

With a coil constructed as described, a jump spark 
may be produced, for demonstrating purposes, as fol 
lows (Fig. 1): Connect the leads of the secondary 
winding to fixed insulators and bend the ends so they 
are 1-16 to 1-8 inch apart. Connect one lead of the 
primary winding to an electric battery, and with the 
other lead of the primary winding brush against the 
other terminal of the battery, as indicated. When the 
contact is broken there wiil be a spark both at the poin! 
of rupture in the primary circuit and at the gap in th: 
An electric impulse is also induce: 
in the secondary circuit when the contact in the pre 
mary circuit is established, but this impulse is to« 
feeble to cause a spark to jump across the gap. Onl) 
the impulse induced in the secondary when the pri 
mary circuit is broken is practically available fo 
sparking purposes. 


secondary circuit. 


THE VIBRATOR. 

In the practical use of a coil we require a devic 
which performs the function corresponding to tl! 
brushing of the primary lead against the batter 
terminal by hand in the above described experimen! 
rapidly making and breaking the primar 
This is usually accomplished by means of 


that is, 
circuit 
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vibrator, the which 
ained with 
rhis tigure represents an end view 


side view being shown 


action ot 


inet 
reference to Fig 
and a side view 


a complete coil, the partly 


section, and the winding only indicated diagram- 
itically In the figure, A represents the soft iron 
re core upon which are wound the primary and 
ondary windings, indicated by heavy and light 
sax lines respectively. The two leads of the sec 
lary winding are connected to two binding posts 


top of the case, 8, and S_ respectively. One lead ot 


primary Winding is connected to the binding post, 


will be ex- 


In some coils the block, D, is not used, the attraction 
of the core, A, on the steel spring, C, being depended 
on. Platinum and platinum-iridium alloy are 
for the contact points because these are less affected 
by heat than any 
hence are not readily 
their surtace and 


used 


other metallic conducting material, 
burned away or oxidized over 
rendered non-conductive 

THE CONDENSER 

With a coil illustrated 
in Fig. 1, and also with the coil in Fig. 2. a 
of difficulties are encountered It will be found that 
the spark produced at the break in the primary cir- 


as used in the experiment 
number 
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/’. on the end of the case, and the other lead to a 
metal block, B, secured to the end of the case To 
is metal block is screwed a flat steel spring, C, hav 
ux riveted to its outer end a small cylindrical block 

soft iron, ), calied the armature. This armature, 
i), is located exactly opposite the end of the soft iron 
and is normally held at a little distance 
irom the core by the steel spring, (. The steel spring, 

is spanned by a brass yoke, #, secured to the end 

the coil box by means of This 
tilled and tapped at its center to receive the contact 
rew, Fy which can be adjusted in it and locked in 
adjustment by the check nut, #',. The point of the con- 
usually tipped with hard platinum (or 
vttinum-iridium alloy), and a similar contact point 
fastened to the contact spring opposite the point 
The two contact points are nor- 
mally pressed together by the spring, (. The yoke, EF, 

connected to the primary binding post P, by a wire 
Now suppose a battery to be connected to the two 
posts P, and P terminal of 
the battery may be considered to be connected to P,, in 
current will enter at this terminal. 
arrows, it will flow through the wire 
E, through the contact screw, 
contact 


core, A, 


screws yoke is 


t screw 1s 


the contact screw, 


The positive or carbon 
which case the 
\s indicated by 
connection to the yoke, 
contact at the 


’. across the points to the 


spring, (, to the metal block, B, through the primary 
winding of the coil to the binding post P., and from 
there back to the battery. As soon as the current 


flow through the winding of the 
magnetizes the soft and the 
latter attracts the armature, J), and the outer end of 
the spring, (, thereby drawing the contact point on 
the spring away from the point of the contact screw, 
f, and interrupting the primary circuit. The flow of 
current through the primary winding is thereby 
stopped, and an electric impulse induced in the sec- 
ondary winding, and if the terminals of the latter 
are sufficiently close together, a spark will jump across 


begins to 


coil, it 


primary 
iron wire core, A, 


the gap 

\s soon as the current in the primary winding 
ceases, the core, A, loses its magnetism, and the arma- 
DD, and spring. (, are returned to their original 
and contact 


itions by the spring force of C, is es- 
again between the platinum point on the 
spring, (, and the point of the contact screw, F. The 
urrent then flows again through the primary winding, 
the armature, D, is again attracted, and the circuit 


tablished 


broken at the contact points, which gives another 
spark in the secondary This process, or cycle, re- 
juires only an extremely short time, less than 100th 


part of a second, and is repeated indefinitely as long 
source of current is connected to the primary 
and P The rapidity of the break 


is the 


binding posts, P 


Pig. 3. —DIAGRAMMATIC: REPRESENTATION 
OF CONDENSER. 


the spring. (, can be varied 
ljusting the contact screw, F 
varying the adjustment of the contact screw, not 


o is the number of sparks in a given time varied, 


ilso the strength of the individual sparks. Sup- 
that the contact serew, F, is 


that the spring, C, merely 


instance, 
aa ved so far out 


pose tor 


bears 


ixoinst the poBit of the contact screw when at rest. 
OF the slightest force is then required to draw it 
from the point of the screw, and the circuit is 
nh as soon as the current begins to flow in the 
pr try and long before it reaches its maximum value 
B f the current in the primary winding only attains 


small value, the inductive effect in the secondary 
nly be small, and only a small spark is produced 

magnetic circuit-breaking device here described 
riously called a vibrator, buzzer, or trembler. 


than the spark 
latter with 


cuit (at the vibrator points) is larger 
at the gap in the secondary cireuit, and the 
a coil of the ordinary 
to effect ignition. There is no need for a spark at the 
Vibrator points 
to produce a spark at this point is wasted, and besides 


dimensions would be too small 


consequently the energy necessary 
it results in rapid burning away of the platinum con 
tact points 

It was shown that in order to produce a large spark 
at the gap in the secondary circuit, it is necessary that 
the current in the primary very rap- 
idly. On the other hand, it was also shown that the 
self-inductance of the primary winding Opposes a rapid 
current in that winding, and the 
contact that 


circuit die out 


dying out of the 
spark at the break or 
the current in the primary 
abruptly, but decreases gradually 


points Is a proot 
not Lic out 


The whole trouble 


Fie. 4.—CONSTRUCTION OF CONDENSER. 


is therefore due to the self-inductance of the primary 
winding, which tends to cause the current to continue 
to flow after the circuit is broken, thereby producing 
a spark at the primary contact reducing 
the inductive effect in the secondary 
effect of the self-inductance of the winding 
must therefore be overcome in some manner, and this 
end is accomplished by means of an electric condense! 

An electric condenser is a device which will absorb 
or hold an electric charge in about the same manne! 
as a jug holds a liquid. Every conductor of electricity 
forms a condenser, and its capacity for holding charge 
depends surface. <A therefore 
made of conductive formed into 
such shape as to present the surtace 
for the least amount of material. The 
of constructing a high-tension electric condenser is 
The conducting material used jis tinfoil 
of which a large number of sheets are prepared, all 
cut to the same size These are 
of the other, with a thin sheet of insulating material, 


points, and 
winding The 
primary 


upon its condenser is 


electrically material 
possible 


usual 


sreatest 
method 


as follows: 


placed one on top 


Fig. 5.—CONNECTION OF CONDENSER 


mica, between Numbering the successive 
tinfoil 
are connected together 
are connected together, these connections forming the 
condenser. The condenser is then 
connected across the vibrator, one terminal being 
connected to the block, B, in Fig. 2. and the other 
terminal to the yoke, EK. The condenser is usually 

below the coil 


placed in the bottom of the coil 


usually 


sheets ot serially, all sheets of even number 


and all sheets of odd number 


terminals of the 


box, 


proper, and the connections are all made inside, so 
that there is absolutely no external evidence of the 
presence of such a device, and we are sure many 


users of coils are not aware of the existence of the 


condenser. 
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The flow ot through the circuit after con- 
tact has broken, and which is due to the self- 
inductance of the cireuit, is called the extra current 
With a condenser connected as shown in Fig. 5, the 
extra current flows into the condenser, and the spark 
at the contact points is almost entirely obviated. Of 


eurrent 


been 


course, the condenser must be of such capacity as to 
just neutralize the inductance of the primary circuit 
Capacity is, in fact, an “antidote” for self-inductance, 
and neutralizes all its effects. If the capacity just bal 
ances the self-inductance, the current in the primary 
will die almost instantly, and consequently a 
high pressure will be induced in the secondary wind 
ing 

The self-inductance that 


down 


neutralized by the 
that of the pri 


must be 


capacity of the condenser is not only 


mary Winding of the coil, but that of the whole pri 
mary cireuit, A battery of cells has no self-inductance, 
but a dynamo or magneto-generator has considerable 


self-inductance, and for this reason the ordinary spark 
with a battery usually gives 
dynamo or magneto, 
because its condenser has not enough capacity for the 
the primary winding and 


coil designed for use 


poor results when used with a 
combined self-inductance ol 
the dynamo armature, 
When the coil is wound and the condenser assem- 
bled placed in the box, the wire connections 
are made, and the box is then filled with paraffine in 
the fluid state. Paraffine is a very good insulating ma 
terial, and as il into the coil, it ma 
terially prevents 
moisture 


they are 


penetrates right 
insulation. It 
wire 


improves the also 
reaching the 
The secondary binding posts are usually located on 
the cover of the box 
between 


Age. 


as far apart as possible, to pre 
leakage them over the surface of the 


box Horseless 


vent 


THE BERGONIE-VARRET LIQUID RHEOSTAT. 
By Our Belgian Correspondent. 

form in 

electrical 


rheostat, in the 
constructed by 


liquid 


been 


Prot 
which it has recently 


C> 
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THE BERGONTE-VARRET LIQUID RHEOSTAT. 


engineer Varret, of Paris, permits of varying from in- 
finity to a minimum the resistance interposed between 
a galvanic or a faradic treated 
by electricity. _ Such variation is 
substitution of 


source and a subject 
absolutely gradual 
this apparatus for 
potential, 


and allows of the 
all commutators o1 

The electrodes of this rheostat are two concentric 
eylinders beveled off and terminating in a fringe ot 
spun glass. The internal cylinder, which is provided 
with a metallic bottom, is screwed directly to the end 
The external one is supported by a wide 
means of rods at the side. This disk 
a constant distance from the internal cylin- 
der by means of small pieces of ebonite secured in ter 
minal apertures, so that the film of liquid that has a 
tendency to establish itself from one pole to the other 
In reality, since there 


reducers of 


of a rack 
ebonite disk by 


is kept at 


shall be as resistant as possible 
why the insulating platform should dip 
the loss of insulation as a result of elec- 
trolysis no longer exists The external cylinder is in 
constant contact with the corresponding terminal of the 
apparatus either through a sliding rod or a_ spiral 
spring that expands or contracts according to the mo- 
This latter, which is actuated by 
the handwheel JV. insulating platform, P. 
carrying the double-cylinder plunger, Cy, the lower 
ends of which are provided with fringes of glass 
After the glass receptacle has been about half filled 
with water, and the plunger has been made to descend, 
a contact is established between the glass fringe and 
the liquid. The resistance introduced corresponds 
then to that of the thin film of water that establishes 
capillarity between the liquid of the re 
In measure as the latter de 
become more nu- 


Is no reason 


into the watet 


tions of the rack, C7 
moves the 


itself through 
ceptacle and the plunger 


scends, the glass threads in contact 
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nero and horter, and then the two cylindrical 
urtaees cut to a bevel come into contact through a 
proure ively ihereasing surtace 

rhe initial resistance is 600,000 ohms, and the final 
about 150, with pure water, The perfect insulation be 


tween the two electrodes is very appreciable, since it 
completely prevents any of those short circuits that 
occurred in the long run in the old models, and thus 
reduced the initial resistance to such an extent as to 
prove detrimental in delicate applications. Since elec 
trolyzation of the insulator is impossible, the appar- 
atus has practically an unlimited life. 
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METEOROLOGY IN THE BRITISH EMPIRE.* 


Pik previou tatement of the meteorology of India 


his indicated the chief conditions which affect the crop 


recurn riously or disastrously over large areas in 
India. They may be summed up briefly as follows 
(a) The dry monsoon Absence or unusual feeble- 


ness of cold-weather storms 


(b>) The wet monsoon General teebleness of the 


monsoon current, due either to corresponding feeble 
ie of the southeast trades, or to unusual diversion 
lo East Africa; or local feebleness in a part of India 
due to loeal conditions, or to abnormal diversion to 
other raintall areas in South Asia. These conditions 
ive rise in the areas affected to one or more of the 
following features 

(1) Prolonged delay in the commencement of the 


(2) Scaniy raintall during the season, with prolonged 


periods of fine, clear, hot weather 

(3) Marly termination of the rains 

These features are as a rule more marked in the 
drier districts of the interior than in the coast districts 
rhe effect on crop production is greatest and most dis- 
ustrous in the tollowing areas 

(1) Central Burma 

(2) The Deecan, including the Bombay andi Madras 
Deccan districts, and Hyderabad 

(3) Novihwestern and Central ladia, more especially 
the South Punjab, East Rajputana, and the United 
Provinces 

rhe following important interences are based upon 
the preceding presentation of facts and the experience 
oi the pas: thirty years 

(t+ The icwer air movement of the southwest mon 
oon is the northward extension of the lower move- 
ment of the southeast trades. The latter is a perma- 
pent feature of the Indo-oceanic region, and the former 
a periodic invasion of the Southern Asian seas and pe- 
tinsulas initiated over equatorial regions and propa 
sated northward to the southern mountain barrier of 
the Central Asian plateau 
(2) The primary factors determining this impulse 
across the equator (the first stage of the establishment 
of the southwest monsoon) are to be sought in the 
permanent field of the southeast trades. and are not 
due to actions in the heated areas of Southern or Cen 
tral Asia 

(3) The pressure conditions in the heated areas of 
Southern Asia and Northeast Africa determine the 
direction, volume, and intensity of the advance over 
the Indian seas to what may be termed three compet- 
ings area for rainfall (viz Abyssinia, India, and 
burma) These conditions are hence important fac 
tors in the third stage of the advance of the southwest 
current 

(4) The movement when fully established by these 
vetions over the Southern Asian seas and peninsulas is 
continued —first, by the momentum of the lower circu 
lation econdiy, by the release of energy accompany 
be aqueous vapor condensation; and thirdly, by ther 
inal aetions im Southern Asia, due to direct solar activ 
‘ rhe termination of the lower horizontal current 
by vertical movement occurs irregularly over the areas 
ot trequent heavy rain in Southern Asia and Abyssinia 
and not over a heated area in Central Asia 

(5) The total volume of aqueous vapor brought up 
hy this cirenlation not only varies in amount from 
month to month during the season, but also from year 
to yeat Ihe largest variations (seasonal and annual) 
depend if not entirely, upon actions the 
ource of supply—viz., the Indian Ocean If those 
actions determine an increased or diminished supply 
across the equator into the Indian seas, there is a cor 
responding variation in the total precipitation ol the 
three competing area Among such causes and actions 
tuay be prolonged and untimely diversion of the south 
into Kast Africa, as in 1896, or general 
weakme of the air movement over the Indian Ocean 


trad 


probably accompanying a displacement and decreased 
intensity of the southern anticyclonic, as in 

(6) The relative distribution of the total rainfall in 
the three areas of discharge of the aqueous vapor of 
the monsoon currents probably depends upon the rela 
tive intensities of the pressure conditions established 
during the hot weather, which are continued for a part 
or the whole of the monsoon by actions depending on 
the rainfall resulting from the initial pressure condi- 
tion an example of the persistence of meteorological 
conditions and actions which is a prominent feature 
ef Indian meteorology The total rainfall of each of 
the three areas may differ considerably from the nor- 
mal, but there may be partial or complete compensa 
tion on the whole. Thus it is the general (but not the 
invariable) rule that the rainfall variations in Burn... 
and Assam are usually inverse to those of Northwestern 
India and also of India as a whole 

* Read before Subsection of Cosmical Physics of the British Association 
for the Advancement of Science. 
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(7) The distribution of the raintall in any one of the 
three competing areas (but more especially in India, as 
the largest) may vary widely from the normal-—con 
siderable deficiency in some areas accompanying con 


siderable excess in others. This in India is undoubt- 
edly due to local conditions—e, g., local excess or de- 
ficiency of pressure at the commencement of the period 
and established during the previous hot weather. 


These pressure variations usually accompany abnor- 
mally prolonged and heavy nowlall or very seanty 
snowlall in the Western tlimalayas 

(S) Local or eneral drouth in’ India during the 
southwest monsoon may hence be due to 

(a) General weakness of the southeast trades circu 
lation 

ib) Diversion of an unusually large proportion of 
the southeast trades to Southeast or East Africa dut 
ing the monsoon period 

(ce) Larger diversion than usual of the monsoon curt 
renis to isurma or Abyssinia 

(d) Very unequal distribution in India itself, due to 
local conditions established during the antecedent hot 
weather 

These factors are given in the probable order of 
their importance 

(%) Seanty rainfall or drouth during the dry season 
or northeast monsoon in Northern India results trom 
absence or unusual feebleness of the cold weather 
storms which are the sources of rainfall at that time. 

(10) The most prolonged and severe drouths in 
Nerthwesiern and Central India are due to the partial 
or complete tailure oi the rainfall of at least two sea- 

ons Ih sticcession 

(tt) As the two circulations in the Indian oceanic 
icxion have a common goal in the dry season (more 
especially from December to March), it is probable 
that variations in the strength of one circulation (more 
especially the larger) will modify the field and strength 
of the other circulation. It appears that this relation 
would be shown most strongly between the southern 
circulation and the upper movement of the northern 
circulation And, as cold-weather storms are dis- 
turbances in that upper movemert, it is possible—it 
not probable—that the larger variations in the number 
and intensity of the cold-weather storms and the 
amount of the cold-weather precipitation may be re 
lated to conditions in the southeast trades regions 

(12) There appears to be little or no relation be- 
tween the position and intensity of the Central Asian 
antieyclone and the number of cold-weather storms and 
rainfall of Northern India in any season 

The meteorology of the period 1892-1902 is of espe 
cial interest for its confirmation of the above infer- 
ences, more especially the phenomena of the variations 
of rainfall in India and the causes or actions to which 
they are due. The year 1891 was noteworthy for a se 
vere local famine in Rajputana and the adjacent dis 
tricts to the north and east consequent on prolonged 
and excessive snowfall in the Western Himalayas dur- 
ing the winter of 1890-91. The following gives a brief 
summary of the more prominent features of the me- 
teorology of this unique period: 

(1) The cieven-year period 1892-1902 corresponds in 
length to the sun-spot period, and it may be divided into 
two periods of unequal length—a short period of ex- 
cessive rain and a long period of deficient precipitation. 
The maximum of the first period was in 1893. The 
second period had three strongly marked minima in 
1896, 1899, and 1901, that in 1899 being the absolute 
minimum. The following table gives, for convenience 
of reference, data of the mean annual and seasonal 
variations of rainfall of the Indian land area for each 
year of the period 

Variation of Mean Actual Rainfall of Period from 

Normal. 


Southwest 


Cold Tht Vonsoon., 
Weather: Weather: Complete Whol 
Junuary ane March to Peril: ‘ 
February. May. June te 
December, 
O34 t+ O37 1.25 3.54 
O21 + 5.69 + 5.09 
1.63 2.32 ‘72 9.07 
OAS 0.76 6.75 + 6.47 
ool 0.1? O15 
wae O26 O57 
O57 O16 1.4 
Normal roughly. tineh Sinches 25 inches 41 inches 


(2) The following gives the chief features of the rain- 
fall of the first period, 1892-4 

(a) The excess was almost as marked in the dry as 
in the wet season. This is stronely shown in the year 
of maximum excess 

ib) The excess was on the whole more strongly ex- 
hibited in the field of the Bombay than of the Bengal 
current 

(c) The rainfall of the dry season was as markedly 
in excess in Persia, Baluchistan, Afghanistan, and the 
Himalayan area as in Northern India 

(d) The maximum height of the Nile floods (in Sep- 
tember) was above the average. They were abnormally 
high in 1892 and 1894 

(e) The rains were favorable over Australia and 
South Africa during this period, according to the re- 
ports received in India 

(f) Hence, as a general inference, the rainfall was in 
general excess in each year of the period over the Indo- 
oceanic region, and not only in the southwest but also 
in the northeast monsoon in Southern Asia. 
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(3) The chief features of the rainfall of the secon 
period, 1895-19 in the Indo-oceanic region were a 
follows: 

(a) The rainfall was as deficient relatively to the nor 
mal in the cold weather as in the rains or wet seaso: 

(b) The coli-weather or winter precipitation was a 
most continuously in marked defect in Asiatic Turke) 
Persia, Afghanistan, Baluchistan, the Himalayan ares 
and South Tibet. The opposite variation obtained i; 
Central Asia, as is shown by available data for Tash 
kend, Samarcand, Irkutsk, and other stations 

(c) The storms of the cold weather were tewer ji) 


number and teebler in character in each year of th 
period than on the average of the preceding sixtec: 
years 1876-91 

(d) The southwest monsoon rainfall was most jars: 
ty in defect in the interior districts served by the Bom 
bay current 

(e) There was a marked tendency in each year for 
late commencement and early withdrawal ot the mon 
soon currents, and for deficient rainfall throughout the 
whole season over the greater part of India Thess 
features were very pronounced in the years 1896, 1899 
and 1901, 

(f) The most remarkable feature of the period wa 
that the region to the south of the equator, including: 
South and East Africa, Mauritius, and Australia, wa 
similarly affected, 

In India the years 1896 and 1899 were years of sever: 
drouth, followed by famine over very large areas. Th: 
area in which the crops failed more or less completely 
was about 250,000 square miles in extent in 1896 and 
500,000 square miles in 1899. In the 1899-1900 famine 
upward of 6,500,000 people were on famine relief for 
several months. The loss of cattle due to failure of 
water and fodder was very great, numbering many 
millions. In some districts frem 90 to 95 per cent ot 
the cattle died off from slow starvation and want ot 
water. In New South Wales and Queensland aimost 
continuous drouth prevailed from 1896 to 1902. [t i 
estimated that more than fifty millions of sheep, valuc 
£12,500,000, were lost in New South Wales during thes« 
seven years of drouth. 

Mr. Hutchins, Conservator of Forests, Cape Town 
states that drouth prevailed more or less persistently 
over the Karoo region in South Africa from 1896 to 
i903, and that cattle and sheep perished by millions 
lie also states that the drouth extended to British Cen 
tral Africa from 1898 to 1903 

The previous statements evidence the continuity, ex 
tension, und intensity of the drouth. 

The Nile flocds followed very closely the variation 
of the rainfali in Western India. The floods of the 
years 1899 and 1901 were both among the lowest on 
record. This shows that the rainfall in the Abyssinian 
region Was more or less generally in defect during the 
period and most largely in the years 1899 and 101 
when the rainfall of the Bombay current was very de 
ficient. 

Hence, as a general inference, the period 1895-1902 
was characterized by more or less persistent deficiency 
of rainfall over practically the whole’ Indo-oceanic 
area (including Abyssinia). The economic results in 
the dry interior districts of India, South Africa, and 
Australia were the same—large loss of cattle and grea: 
loss of capital. The drouth in Southern Asia was as 
marked in the northeast as in the southwest monsoon 
and hence the variation was not seasonal but seneral 

The variations of temperature, humidity, and cloud 
in India during the whole period were large and in di 
rect accordance with the rainfall. In other words, dur 
ing the period 1892-94 the air was damper with lower 
temperature than usual, and cloud above the norma! 
On the other hand, from 1895 to 1902 temperature wa 
steadily in excess, cloud less than usual, and humidity 


beiow the normal. 

The most remarkable variation was tha! cf the solar 
radiation as indicated by observations of the solar ra 
diation thermemeter (black bulb in vacuo) 

The most interesting feature of the meteorology o! 
the period 1892-1902 is that the variations of the solar 
insolation are the inverse of those which might have 
heen expected from the cloud and humidity data. In 
other words, solar radiation was in excess in the perio: 
of increased bumidity and cloud, and in defect durin 
the greacer part of the period of drouth, decreased hu 
uiidity, and cloud, The series of eight curves exhibited 
out of a lareer number prepared from the data of 
number of stations in India at which these observa 
tions are carefully recerded, show the most importan! 
facts, and indicate that there was a continuous decreas: 
of insolation on the average of all stations from 18" 
to 1902. The curves for Aden, Caleutita, and Leh, | 
will be seen, agree in their most important feature 
The observations are quite concordant and = probal! 
represent a most important feature of the period. Th 
indicate cither a continuous and considerable decreas 
of emission of solar energy during the period, or unust 
ally large absorption in the upper atmosphere. Ir 
order to decide this question comparison is necessal 
with similar data for other large areas as, for exampl: 
Europe and North America. It is, however, clear tha 
in India the insolation data of this unique period ar 
of exceptional interest and value. 

(To be continued.) 


OUR SOLAR SYSTEM.* 

By Agnes M. CLERKE. 
Ovr sun is clearly middle-aged. It bears none of th: 
marks associated with juvenility in stars: and its «e 
crepitude is in the distant future. It is crossing, prol 
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a , a level tract where recuperation so nearly bal- 
aves expenditure that radiation can be maintained 
for an indefinite time at a high and fairly uniform 
standard. Stars of the solar type pursue the even tenor 
ot ‘(heir way with particularly few interruptions. They 
show little tendency to intrinsic variability. Their 
periodicity, when it exists, is due to the presence of a 
companion. Light-changes can thus be impressed upon 
them by external influence; they do not conspicuously 
arise through native instability. 

Qur planei, accordingly, is attached to a safe and 
steady luminary; one subject, not to destructive 
spasms, but to vicissitudes so mild as to evade distinct 
me corological recognition, It is, moreover, governed 
by a polity settled on a broad basis of tranquillity and 
permanence. All this is as it should be. The conditions 
specified were a pre-requisite to the unfolding of human 
destinies. Nor can it be confidently asserted that they 
have been realized anywhere else. Our system may 
be unique; while, on the other hand, replicas of it 
micht, imperceptibly to us, be profusely scattered 
through the wide realms of space. It is certain that a 
telescopic observer on Sirius or a Centauri would see 
our sun unattended; not even Jupiter could be brought 
into view by optical appliances in any degree compar- 
abic to those at our disposal. There are, nevertheless, 
strict limitations to the possible diffusion of planetary 
worlds like those that wander amid the zodiacal con- 
stellations. We have become aware of incapacitating 
circumstances, by which a multitude of stars are pre- 
eluded from maintaining retinues of subordinate 
globes. Spectroscopic discoveries have compelled a 
revision of ideas as to cosmical arrangements. Espe- 
cially the large proportion established by them of binary 
to single stars makes it impossible any longer to re- 
gard the solar system as a paitern copied at large 
throughout the sidereal domain. We cannot, then, com- 
pare it with any other; the mechanism of which the 
earth forms part must, perforce, be studied in itself, 
and by itself; and it may, for aught that appears, be the 
outcome of special and peculiar design. 

This machine is self-sustaining and self-regulating; 
no extraneous influence noticeably affects it. This 
exemption from disturbance is the fortunate conse- 
quence of its isolation. A great void surrounds it. The 
span of Neptune's orbit is but a hand-breadth compared 
with the tremendous unoccunied gulf outside—unoccu- 
pied, that is to say, by bodies of substantial mass. The 
feebleness of star-light relatively to sun-light affords 
some kind of measure of the impotence of stellar at- 
tractions to compete with the overruling gravitational 
power that sways the planetary circulation. This it is 
which gives to it such remarkable stability. The in- 
comparable superiority of the sun over his dependent 
orbs not only safeguards them against foreign interfer- 
ence, but reduces to insignificance their mutual per- 
turbations. Hence, the strong concentration of force 
exemplified in our system—the absolutely despotic na- 
ture of the authority exercised—makes for a settled 
order by excluding subversive change. 

The organization of the solar kingdom, as disclosed 
by modern research, is greatly more varied and com- 
plex than Laplace took it to be. His genetic scheme 
was, indeed, no sooner promulgated than deviations 
from the regularity and unanimity of movement upon 
which it was based began to assert their inconvenient 
reality. They have since multiplied; and, emerging to 
hotice under the most unlikely aspects, they occasion 
incongruities which tax, for their explanation, all the 
resources and audacities of the most inventive cos- 
mogonists. Let us briefly consider their nature. 

The swarm of asteroids that bridge the gap between 
Mars and Jupiter revolve, it is true, with the general 
swirl of planetary movement; but use a large license 
as regards the shape and lie of their orbits, and their 
partial exemption from the rules of the road becomes 
entire for comets and meteors, which have proved them- 
selves, nevertheless, to be aboriginal in our system by 
their full participation in its proper motion. Finally, 
several of the major planets set convention at defiance 
in the arrangement of their several households, and 
thereby intimate departures from the supposed normal 
course of development so frequent and so considerable 
as to shape belief even in its qualified prevalence. Thus, 
the anomalously short period of Phobos, the inner 
satellite of Mars, besides throwing doubt over its own 
mode of origin, tends to obscure the history of its more 
sedately circulating associate. The sub-systems of 
Uranus and Neptune exhibit, moreover, eddies of retro- 
srade movement, suggesting primitive disturbances of 
a tindamental kind: while the surprising disclosures 
connected with Saturn's first-born, and furthest satel 
lite, have added one more knotted thread to the tangled 
skein we would fain unravel. Until acquaintance was 
made with Phebe, counterflows of revolution within 
the same satellite family were unknown, and, if con- 
templated at all, would have been scouted as impossi- 
ble. One ternary star, to be sure— & Scorpii—had been 
recognized as probably owning an immediate and a 
more remote attendant, in oppositely directed orbital 
movement; but the cases are in many ways disparate, 
and ‘he analogy, though instructive, is imperfect. 

If the ninth Saturnian moon is to be regarded as 
sprung from the mass of its primary, a total change 
in the condition of the parent body must have super- 
vened during the long interval between its separation 
and that of its successor Iapetus. The change, in Prof. 
W. H. Pickering’s opinion,* was nothing less than a re- 
versal in the sense of axial rotation. The nebulous 


* Ha il Annals, Vol. LIL, p. 61, where, however, the reversal ix 
wv a shifting of the axis of rotation, The mode of action 
deser i the fext was long ago suggested by Kirkwood, 
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spheroid destined to develop into the wonderful Satur- 
nian system had a diameter, when Phabe was thrown 
off from it, of sixteen million miles, and gyrated tran- 
quilly from east to west in a period of about a year and 
a half. The action of sun-raised tides, however, availed 
first to destroy, and finally to invert this movement; 
for the natural outcome of tidal friction is syn- 
chronism, and this implies agreement, both in period 
and direction, between the rotation and revolution of 
the body acted upon. Acceleration through contraction 
did the rest; and before lapetus entered on its sepa 
rate career, the originating globe spun normally in sev 
enty-nine days. The view that such was the course ol 
events is plausible at first sight; yet the doubt remains 
whether the cause alleged was adequate to the effect 
produced. At the distance of Saturn, solar tidal fric 
tion exerts only about one-twenty-thousandth its power 
on the earth;* its efficacy would, it is true, be greatly 
enhanced by the distension of the mass subjected to it; 
but approximately to what extent, it baffles our powers 
of calculation to determine. 

The one certain inference derivable from the diver 
sity of facts ascertained within the last hundred years 
is that our world is not (so to speak) machine-made 
The modus operandi employed to disengage the planets 
from their nebulous matrix was not of cast-iron 
rigidity; it was adaptable to circumstances; it left room 
for the display of boundless inventiveness in details. 
This, nevertheless, was made to consist with the per 
fect preservation of the main order, both in design 
and operation. The general plan is broadly laid down 
and unmistakable, and the springs of the machine are 
undisturbed in their free play. And for the primary 
reason that devariures from regularity, which might, 
in any way, prove a menace to stability, affect bodies 
of negligible mass. The great swing of settled move 
ment goes on irrespectively of them. De minimis non 
curat ler. Thus, the erratic behavior of comets is 
harmless only because of their insignificance. If pur- 
sued by substantially attractive masses, it could not 
fail to jeopardize the planetary adjustments. Even the 
asteroids would be unsafe neighbors but for their 
impotence; and it is remarkable that Mercury, by far 
the smallest of the major planets, circulates along a 
track of the asteroidal type. It would seem as if an 
important size carried with it an obligation to revolve 
in an orbit of small eccentricity, inclined at a low angle 
to the principal plane of the system. The reason why 
this should be so is not obvious; but were it otherwise, 
the equilibrium, now so firmly established, would sub 
sist precariously, or not at all. 

The assertion, indeed, that it is firmly established, 
can only be made under reserve. We are ignorant of 
any causes tending toward its overthrow; yet they 
may supervene, or be already subtly active. One such 
lurking possibility is the presence of a resisting medinm 
in interplanetary space. Waifs and strays of matter 
must, at any rate, be encountered there—outlawed 
molecules, self-expelled from the gaseous envelopes of 
feeble globes; thin remnants of cometary parapher 
nalia, driven off amid the fugitive splendors of peri 
helion; products of ionic dissociation set flying by the 
impact of ultra-violet light-—-and all disseminated 
through an ethereal ocean, which “is cut away before, 
and closes from behind,” as moving bodies traverse it. 
That its indifference is shared by ordinary material sub- 
stances, when in the last stage of attenuation, is a 
plausible but unverified conjecture. It is only safe to 
say that retardation of velocity in what may pass for 
empty space is insensible, or null. 

There may, nevertheless, be springs of decadence in 
the solar system. Some of them have been discussed 
by M. Poincaré,+ whose confidence in the reassuring 
demonstrations of Laplace and Lagrange is inversely 
proportional to the magnitude of the terms they were 
forced to neglect. They dealt with fictitious globes, 
devoid of appreciable dimensions, and swayed by the 
strict Newtonian law. But the real planets and their 
satellites are acted on by other forces as well, frictional, 
magnetic, radio-repulsive; and their joint effects may 
not be wholly evanescent. The tidal drag on rotation 
undoubtedly occasions a small but irretrievable loss 
of energy. The moon, for instance, as M. Poincaré 
states, now gains, by the reactive consequences of tidal 
friction in widening its orbit, no more than 1-28 the vis 
viva of which the earth is deprived by the infinitesimal! 
slowing down of its rotation. And the remaining 27-28 
being dissipated abroad as heat, is finally abstracted 
from the system. The ultimate state, we are told, to- 
ward which the planetary mechanism tends, is that 
of the synchronous revolution, in a period of about 
twelve years, of all its members. This might, apart 
from a possibly resisting medium, have indefinite 
permanence; otherwise precipitation to the center would 
gradually ensue, and one solitary sphere, cold, stark, 
and unilluminated, would replace the radiant orb of 
our cerulean skies with its diversified and exquisitely 
poised cortege. Unsecured drafts upon futurity, how- 
ever, are not among the most valuable assets of science; 
and a consummation so incalculably remote may be 
anticipated by a score of unforeseen contingencies. 
What can be, and has been, ascertained is the relative 
durability of the scheme with which the visible destinies 
of the human race are so closely connected, It will, 
beyond question, last long enough for their accomplish- 
ment. Curiosity that would seek to penetrate further is 
likely to remain ungratified. 

But this is not all. There are other and incalculable 


*G. H. Darwin, Phil. Trans, Vol. CLXXIL, p. 526; Moulton, Astroph, 
Jour,, Vol. XL, p. 110. 
+ Annuaire du Bureau des Longitudes, 1898, 


items in the account. The sun, although an autocrat 
within his own dominion, is himself subject to ex 
ternal influences. As a star, he is compelled to follow 
whithersoever the combined attractions of his fellow 
stars draw him; nor can we thoroughly interpret the 
summons which he obeys. The immediate outcome in 
the transport of the solar system toward the constel 
lation Lyra has, it is true, been determined; but the 
eventual scope and purpose of the journey remain pro 
foundly obscure. The pace is to be reckoned as leis- 
urely; twelve miles a second is little more than half the 
average stellar speed. We should, however, probably 
suffer no inconvenience trom being whirled through 
the ether in the train of such a stellar thunderbolt as 
Arcturus. Only the excessive velocities of any ad 
ventitious bodies we might happen to pick up would 
betray to ordinary experience the fact of our own swift 
progress. As it is, our sweepings from space appear 
to be scanty If shreds from inchoate worlds, or dust 
of crumbled worlds, strewed the path of our system, 
they should be annexed by it in its passage, tem 
porarily or completely; and we should then expect to 
find the apex of the sun's way marked, if no otherwise, 
by the predominant inflow from that quarter of comets 
and meteors. Yet there is no trace of such a_ prefer- 
ence in the distribution of their orbits. Hence the en 
forced conclusion that the sun has attached to him, 
besides the members of his immediate household, an 
indefinite crowd of distant retainers, which, by their 
attendance upon his march, claim with him original 
corporate unity. To this rule there may be a few 
exceptions. An occasional aérolite probably enters the 
earth's atmosphere with hyperbolic velocity, and takes 
rank accordingly as, in the strictest sense, a foreign 
intruder; but the broad truth can searcely be chal- 
lenged that the sun travels through a virtual void. 

We can, however, see no necessity why he should 
for ever continue to do so. Widely different conditions 
seem to prevail near the center and out toward the 
circumference of the sidereal world. What may be 
designated the interior vacuity of the Milky Way is 
occupied mainly by stars of the solar type, including 
one to our apprehension super-eminent over the rest; 
they are separated by vast, apparently clear intervals; 
they are non-nebulous, and of stable constitution, This 
secure habitat is ours for the present; it may, neverthe- 
less, at some future time be exchanged for one less 
exempt from disturbance. The shape and size of the 
sun's orbit are utterly unknown; the changes of en- 
vironment, accordingly, that will accompany the de- 
scription of it defy conjecture. Our actual course is 
inclined at a small angle to the plane of the Milky Way. 
It will presumably become deflected; but perhaps not 
sufficiently to keep our system clear of entanglement 
with the galactic star-throngs. In our ignorance of 
their composition, no forecast of the results can be at- 
tempted; they are uncertain and exorbitantly remote. 
Moreover, the comparative slowness of the sun's motion 
in a manner guarantees the permanence of his sub- 
sisting cosmical relations. For anything that science 
can tell, they may ultimately be subverted by some pre 
ordained catastrophe; but the possibility lies outside 
the field of legitimate speculation. 

The universe, as reflected in the mind of man, gains 
extent as the mirror acquires polish. Early astrono- 
mers conceived of but one solar system, and one 
“dedal earth,” upon which the “pale populace of 
heaven” rained influences sinister or propitious. Later, 
human egotism took another form. The whole uni- 
verse was assimilated to our particular little settlement 
in it. Terrestrial! conditions were universalized. None 
divergent from them were counted admissible or profit 
able. But one answer seemed possible to the perpetual 
cui bono? with which restless thought assailed the 
heavens. But one purpose was regarded as worthy of 
fulfillment; that of multiplying, in distant sidereal 
climes, copies of our own planet, and of providing suit 
able locations for myriads of intellectual beings, as lit 
tle alien to ourselves as might be compatible with the 
minimum of diversity in their material surroundings. 

The spread of this astral philanthropy has, neverthe- 
less, been in some measure checked by the advance of 
knowledge. Our position and circumstances have been 
shown by it to be, if not quite peculiar, at any rate very 
far from inevitable. It has reduced by a process of ex 
clusions to a relatively limited number the class of 
stars that can fairly be regarded as possible centers of 
vitality; it has immensely widened the scope of dis- 
cernible variety in cosmical arrangements, and held out 
warnings against errors of interpretation due to con 
genital prepossessions. And we _ shall surely not 
wander from the truth by recognizing our inability to 
penetrate all the depths and intricacies of Infinite De- 
sign. 


Diving bells are employed so little at the present 
time that it is interesting to note in Engineering an 
account of their use in the Folkestone harbor works re- 
cently completed. In preparing the foundations for 
some of this work, dredging buckets were employed in 
removing sand, gravel and mud to a depth of 12 to 15 
feet below the sea-bed. At this depth a bed of hard 
sand was encountered which the buckets could not re 
move efficiently, and resort was had to a pair of diving 
bells, each 13 x 101, x 6 feet in size and weighing 26 
tons out of water. Four men working four hours, and 
then resting eight hours, constituted a shift, and enough 
shifts were engaged to carry on the work continuously, 
The hells were lighted by electricity and supplied with 
air by steam-driven compressors. 
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LHASA AND CENTRAL TIBET.* caravan had been formed at the Kumbum monastery the other is a civilian, called “Nansal.” They super. 
: in Amdo, and started April 24 on the way to Lhasa. vise the collection of taxes and decide important m 
doll whialaattaae There were about seventy persons in the party, almost ters that arise between the natives; and also cont; | 
Arien a journey of twenty-two days over the sparse all of them Amdo and Mongolian Lamas, and were the government stations between Nakchu and Lha-a 
lv-populated north Tibetan plateau, our caravan of pil quartered in seventeen traveling tents, About 200 mules It also devolves upon them to stop Europeans bon, 
erims camped Ju Iv, 1900, on the banks of the San transported men and baggage. for Lhasa and immediately to notify the central x: 
| 
| 
| 
| 
' 
THE PALACE OF THE DALAL LAMA AT LHASA. 
The palace of the Dalai-Lama, Potala, is about two-thirds of a mile west of the city, and bailt upon arocky height. The foundation of the palace, tradition says, was laid 
by Sror 1 Khen durt the seventh century Phe main central portion, called the * red palace,’’ was added some time later, The palace and additions were planned 
to serve os a of defense, 
chu, at the northern foot of the Bumza Mountain. The We here first met inhabitants of Central Tibet. ernment about them, as well as about all suspicious 
Translated ¢ oo Imperial Ruewan Geographical Close to the road was a great black tent in which lived persons. I was halted as belonging to the last cate 
Society, St, Peters vol 148, part in, pp. 187-218, for the the local soldiery, an advance post on the lookout for gory, due to the chief of our caravan, who, out ol 
are as Inet itution . foreigners. They had special orders to watch during friendship to the Tibetans and possibly to shift respon 
Aya the present year for P. K. Kosloff’s Russian expedition, sibility for himself, reported that there were Buriats in 
himself this journ nt q ww. Miles mane etthee Mustat of which the authorities at Lhasa had received infor- the party. Although the Buriats had of late been free- 5 
piigrims, to Lhasa, Ther mit or un twelve month tkit mation as early as April. ly admitted, yet we were each obliged to pay 5 taels 
\ rs The guards immediately approached our camp, but (about $4), which at once excluded us from the sus- 
Lhasa, iv Monvel test I ni Kumbum, Daring seeing that it was an ordinary caravan of pilgrims, the picious class and opened our way to Lhasa. 
his stay atl ' t in Valuable ction of books, men were soon busied in making trifling exchanges to The Nakchu monastery serves also as a custom 
Paras supply their wants, our men keeping a watchful eye on house. Here all pilgrims are obliged to pay a tax on 
ustronomy sind as } lee. ond collections of hu.tiies articles that might readily be stolen. After four short each tent, the revenue being used for keeping the local 
(praises, prayers, anc ' md so or It has been presented by marches from here we reached the Nakchu monastery, pastures in grass. No penalty is imposed upon those 
hmm ae . © ai * A. udemy of Sciences.”—The the residence of two governors of the local nomads, who refuse to pay the toll, although an indirect pun 
¢ The dates im this paper are old style, ox lle dikes ean ain appointed by the central government of Tibet. One of ishment is inflicted by prohibiting the local residents 
orian calendar. ' them helongs to the clergy and is called “Khambo,” irom having anything to do with delinquents, 
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ANOTHER VIEW OF THE PALACE OF THE DALAI LAMA. 


The palace is about 1,400 feet long and about 70 feet high in front, 


duty it is to pray for the welfare and Jong life of the Dalai-Lama, 


In the construction of this palace the Tibetans displaved their highest architeetuarl skill. 
ling the golden sepulecher of the fifth Dalai-Lama, which is about 28 feet high. 
f the temple palace 


Here are 
The treasures and apartments of the Dalai- 


The remainder of the building serves as quarters for various attendants or followers of the Dalai-Lama, including a 
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After losing half a day here, the caravan left the 
nonastery, situated on the left bank of the small 
iver Dre-chu,* and 7 miles away approached the left 
ank of the Nakchu. In the rainy season, when the 
iver runs deep and swift, it is impossible to cross 
ithout boats, which evidently the native nomads can 
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enter a pass where we come to the first agricultural 
settlement of Central Tibet. It is more civilized here. 
The Pondo-chu is crossed by pedestrians over a bridge. 
In the rainy season baggage is taken across in skin 
boats, while animals ford the stream. On the right 
side of this swift river stands the castle Pondo-dzong 


24589 


and Kalmuks, who are Russian subjects. Many of 
these pilgrims made notes on Tibet, but thus far only 
the report of Zayaeff (eighteenth century) and the 
diary of the Kalmuk Baza-bakshi have been published. 

It must -be borne in mind that having penetrated a 
forbidden country in the guise of an ordinary pilgrim, 


A VIEW OF THE PALACE OF THES DALAI LAMA FROM 


THE WEST. 


The unequal distribution of wealth and the subservience of poverty to wealth are conspicuous throughout Tibet, There is such litthe commerce that labor is very cheap, 


the most expert weaver of native cloth receiving about 8 cents and board per day 
paid to the Lamas, the prayer readers, who receive 10 cents a day for inces-ant realing. 


not build. Thence the caravan reached the broad Sun- 
shan Valley, bounded on the north by Mount Samtan 
Kansar. From this valley, across the low crest of 
Chog-la, the road enters the Dam Valley. inhabited by 
descendants of Mongols brought into Tibet by the 
Khoshot Gushi Khan, in the middle of the seventeenth 
century. They are at present practically assimilated 
with the Tibetans, although some still use Mongol 
felt tents, and have not forgotten how to milk the 
mares and to make kumys. Mongol words have dis- 
appeared from their language, except official titles and 
some special technical terms. The Dam Mongols are 
subject to the Manchu Amban, who resides at Lhasa. 
Their occupation is cattle raising. 

From Dam across Lani-la, or “double range,” we 


* Ubu = river in ‘Tibetan. 


Twenty-seven miles farther on the journey we reach- 
ed Penbu, or Penyul, one of the most thickly popu- 
lated regions of Tibet. Caravans have from here a 
choice of two roads—one, without crossing the ridge, 
along the right bank of the U-chu, and the other 
straight across the high ridge of Go-la. About ten 
miles from the top of the ridge lies the capital of Tibet, 
Lhasa, which we entered August 3, 1900, after three 
months’ journey from Kumbum. 

Central Tibet—that is, the two provinces of U (Wei) 
and Tsang—has not been visited by Europeans since 
1845, at least the principal part of it, although the lit- 
erature on Tibet in general has increased every year 
No Russian traveler entered the country either before 
or certainly after the prohibition. But for the last 
tairty years Tibet has been annually visited by Buriats 


while an unskilled woman or man laborer earns only 2 or 3 cents, The highest salary ts 
4 house servant almost never receives pay beyond food and meager clothes 


obliged to pose before the natives as one in search of 
salvation in the holy land, and constantly in danger of 
suspicion as other than a pilgrim, the amount of in- 
formation gathered under such circumstances could 
not have been great 1 was well aware that several 
years ago an Indian penetrated Central Tibet and es- 
tablished connections with a certain ecclesiastic in 
Tashilhunpo, that through this lama’s servant he re- 
ceived books at Calcutta, and that both lama and ser- 
vant were executed at Lhasa for daring to allow the 
admission of a foreigner. 

Tibet is truly a land of mountains, and the natives 
aptly call it “Snowland In the region we traversed 
while in Tibet there are two snow n.ountains, Samtan- 
Kansar on the eastern end of the Nyan-chu-tangla and 
the crest of Kar-la on the southwestern side of the cir- 


The houses are of stone or of unburnt brick, cemented with clay. 


A STREET SCENE IN LHASA. 


The windows are without panes, or hang with cotton enrtains, though in winter oiled mative paper 


serves ax protection from the cold, The houses have no chimneys. The principal fuel is dry wauure of horned cattle and yaks, 
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cular lake, Yamdok. The mountains that did not reach 
the snow line were nearly all treeless and their tops 
bare 

The upper lands of the river valleys are narrow and 
unfit for cultivation, but the middle and lower portions 
are wider and enable the industrious Tibetans to grow 
cereal crops. The steep and rocky mountains are the 
source of many swift streams during the rainy season, 
but most of them dry out when the rains cease Many 
streams and springs, however, collect water at each 
rainfall in numerous irrigating ditches that keep the 
water mills busy 

The year may be divided into two seasons, rainy and 
dry In 1900 the dry season commenced in Lhasa on 
September 13, when the last rain of the year fell. Oc 
tober and November were entirely dry. The first snow 
tell December 7, but melted the next day It snowed 
once in January, in February three times, in March 
four times. The first thunder was heard on March 14, 
and twice in April. The snow melted in the valleys 
immediately after falling, but remained for a time on 
the mountains. The first considerable rain fell on May 
5. then on May 7, June 8, July 17, August 13, and twice 
early in September. These rains were generally late 
in the evening or at night, in squalls and large drops, 
and in May and June were frequently accompanied with 
hail. The clouds generally moved from west to east. 

Temperature observations were recorded at dawn, 1 
P. M., and 9 P. M. for two hundred and thirty-five days. 
The average morning temperature was 41.45 deg. F.; 
1 P. M., 58.38 deg. F.; 9 P. M., 48.65 deg. F. December 
was the coldest month, with an average morning tem- 
perature of 18.3 deg. F.; noon, 34.5 deg. F., and evening, 
26.8 deg. F.;: and June was the warmest month, with 
average morning temperature 58.6 deg. F.; noon, 73 deg. 
I’., and evening 63.3 deg. F. The large rivers are entire 
ly free of ice in winter, but the small ones are covered 
by a thin crust. The soil freezes only at the surface. 

The total population of Tibet has been estimated 
from the fantastic 33,000,000 down to 3,500,000, or even 
»500,000. The most reliable evidence indicates that 
Central Tibet has not more than about 1,000,000 inhabi- 
tants. Reliable statistics of the whole population were 
not obtainable, but it is certainly not very great, for 
the many narrow river valleys between high, rocky 
mountains are unfit for agriculture and could not sus 
tain many inhabitants. Besides, the numerous unmar 
ried ascetic ecclesiastics of both sexes, and epidemics 
of smallpox and other fatal diseases against which the 
Tibetans are almost defenseless, not only retard an in- 
crease, but would appear to gradually decrease the 
country’s growth. More than 10 per cent. of the popu- 
lation of Lhasa and neighboring monasteries died of 
smallpox in 1900. Further evidence of the limited 
Tibetan population appears trom the fact that only 
about 20,000 monks from all the monasteries in the 
vicinity gather at the so-called “great Monlam ol 
Lhasa.” This, remember, in the center of Lamaism, 
where the principal sanctuaries and the higher Tszan 
ite schools are located, which to a considerable extent 
are supported by the government. The native Tibetans 
call themselves Bo(d)-pa, and it is also customary to 
refer to people according to the names of particular 
regions. Thus the inhabitants of Tsang are called 
“Tsang-pa,” etc. The floating population of the cities 
is composed of Chinamen, Nepalese, Kashmiris, and 
Nongols 

Most of the Chinamen, especially the emigrants from 
Ssu-ch'uan, are employed in the garrison camps of the 
large cities, while those engaged in commerce transact 
their small trade with the local inhabitants, principally 
the women 

The Nepalese and Kashmiris, about equal in num- 
bers, are merchants almost exclusively, though a few 
of the former are artisans. According to tradition the 
Nepalese were for a long time the architects of the 
temples, the sculptors of the Buddha statues, and the 
ikon painters of Tibet, and they are still the most ex- 
pert cloth dyers, and are skillful as gold and silver 
smiths, from small trinkets to the gilt roofs of tem- 
ples. The Buddhist Nepalese, in distinction from the 
ruling caste, Gurka, in their kingdom, are called 
Ba(l)-bo. They avoid marriage with Tibetans, for 
such ties mean death in their native land, and they 
therefore remain permanently in Tibet The Kash- 
miris, on the contrary, always marry Tibetans, whom 
they first convert to Mohammedanism, and rear their 
children in that religion 

In administrative matters the Chinamen are respon- 
sible directly to the Amban, who resides and officiates 
at the southwest end of the city, near the ruins of the 
old city wall. The Nepalese and Kashmiris are sub- 
ject to their elders, who serve as deputies in affairs 
before the central government of Tibet, with its juris 
diction The Mongols, about 1,000 of them, are all 
monks, and only temporary residents, about 15 per cent 
of their number changing annually They are dis 
tributed over the various monasteries according to 
their parishes. The Russian subjects among them in 
1900 numbered 47, being Buriat Lamas from the re- 
gion across the Baikal, with one Kalmuk from the 
Astrakhan government. They are subject to the mon- 
astery regulations, 

The social classes are the nobility, the clergy, and 
the peasantry. The nobility consists of the descend- 
ants of former rulers of separate principalities and de- 
scendants of the fathers of Dalai Lamas and Panchens, 
who are invested by the Manchu court with the rank of 
prince of the fifth degree 

The princes, together with the monasteries and their 
parishes, are large land owners, and the peasants are 
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serts to them. The central government, or the Dalai 
Lama, owns, of course, more land and serfs than the 
ciasses named. 

There is apparently no distinct military caste. Mili- 
tary service accompanies the privilege of special land 
grants, but we could not secure detailed information 
about it 

The houses are of stone or unburnt brick, cemented 
with clay. Most of those in the villages are one story 
high, while in the cities they are of two or three 
stories. The windows are without panes, or hung with 
cotton curtains, though in winter oiled native paper 
serves as protection from the cold. Fireplaces are used 
enly for cooking. The houses have no chimneys, the 
smoke escaping as best it may through doors and win- 
dows, except that houses with upper stories have roof 
openings that somewhat alleviate the smoke nuisance, 
though equally a discomfort during rain. The prinei- 
pal fuel is dry manure of horned cattle and yaks. The 
clothing is of special design, made from native cloth 
in various colors. The poor classes wear white, the 
cheapest color; the richer people red and dark red, the 
soldiers dark blue, and yellow is used by higher digni- 
taries and princes. Women prefer the dark red cloth 
Of course, other colors are also met with. In propor- 
tion to their means, the Tibetans dress rather elegant- 
ly. Their jewelry is of gold, silver, corals, diamonds, 
rubies, pearls, turquoise, and other stones. 

Tsamba, or roasted barley flour, mixed with either 
tea or barley wine, is one of the principal foods. The 
commonest vegetable is the radish. The favorite dish 
among all classes is “tsamtuk,” a soup made by boiling 
vamba in water and flavored with bits of radish. Tsam- 
tuk is best when made into broth with crushed bones, 
but it is comparatively expensive, and only the well-to- 
do can afford it every day 

The Tibetans are fond of raw meat, and when enter- 
taining they serve meat either raw or not fully cooked. 
The principal meats are yak, mutton, and pig Beet 
is not considered good, and ass and horse meat are not 
used at all. The poor classes also eat fish. We did 
not see the Tibetans use fowl as food, although they 
keep chickens for the eggs. Butter is much used, serv- 
ing principally to whiten or flavor tea, and melted but- 
ter is burned in lamps before the idols. Sour milk, 
prepared also as thib-sho, is regarded as very noble 
food, and in poetry indicates something pure white. 

Both sexes of all classes are very fond of barley wine, 
and owing to its cheapness and slight intoxicating 
properties it constitutes the principal beverage of the 
poor. The men are heavy smokers of leaf tobacco in 
pipes, and the monks, while avoiding the pipe, consume 
no less tobacco in snuff. Because of the high cost of 
tobacco, and to reduce its strength, the laymen mix it 
with the leaves of the plant “shol,”’ and the monks use 
the ashes of ram and goat dung for that purpose 

The principal characteristics of the Central Tibetan 
may be described as stupidity and flattery, doubtless 
explained by the economic and political conditions of 
the country. They are also pious through fear of losing 
the protection of the gods or of angering them. On 
this account they have frequent sacrifices, bowing and 
circling before their sanctuaries. They are very im- 
pressionable and superstitious, and at each new epi- 
sode in their lives they seek explanation from Lama 
seers and prophets, and when sick they prefer to take 
barley grains blessed by Lamas and prophets, or to 
have curing prayers read to them, rather than resort 
to medicine, which, by the way, is less developed in 
Central Tibet than in Amdo or Mongolia. Despite all, 
the Tibetans seem to be inclined to joviality, which 
manifests itself in song and dance during their fre- 
quent sprees and public holidays. 

In their family life polyandry and polygamy exist, 
and the marriage of several brothers to one woman 
or of several sisters to one man are regarded as ideal 
relations. . . . Women enjoy perfect freedom and 
independence and take an active part in business al- 
fairs, often managing extensive enterprises entirely 
unaided. 

Agriculture is the chief occupation of the settled 
population. Barley is the standard crop, from which 
tsamba is prepared; then comes wheat, for wheat flour; 
beans for oil, and peas, used by the poorer class in form 
of flour, or crushed for horses, mules, and asses. The 
field work is done principally by “dzo” (a cross breed 
of yak and ordinary cattle), yaks, and asses The 
principal beasts of burden are the small. hardy asses, 
and to some extent the ordinary horned cattle.  In- 
habitants of the highland regions are engaged in cattle 
raising, breeding yaks, sheep, and some horses. They 
use yaks for burden, and sheep in some places. The 
horse and mule are, to a certain extent, a luxury to the 
Tibetan, and are therefore kept only by the well-to-do. 
The native horses and mules are very smail and home- 
ly. so that the rich people use only those imported 
from western China. In the stables of the Dalai Lama 
and Panchen there are blooded horses from India. 

Commerce consists in supplying the cities and mon- 
asteries with agricultural products in exchange tor 
articles of insignificant local manufacture and foreign 
import. The excess of domestic products is exported. 
The Tibetan has very few wants, chiefly limited to 
necessities, although some inclination toward objects 
of luxury, expensive ornaments, objects of cult and 
home adornment may be observed, The standard 
money is a silver coin valued at about 10 cents. 

The unequal distribution of wealth and the subser- 
vience of poverty to wealth are conspicuous. There is 
such little commerce that labor is very cheap, the most 
expert weaver of native cloth receiving about 8 cents 
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and board per day, while an unskilled woman or man 
laborer earns only 2 or 3 cents. The highest salary is 
paid to the Lamas, the prayer readers, who receive 
10 cents a day for incessant reading. A house servant 
almost never receives pay beyond food and meager 
clothes. 

(To be continued.) 


ESTIMATING DISTANCES.* 

By Commander Wittiam H. Beemer, U. S. Navy. 

Tue naval officer in command of a battleship in a 
squadron has no problem of greater importance in the 
evolutions of naval tactics or at target practice than 
the determination of the distances of other vessels 
in the fleet for the distance of the target. 

The inventive genius of the navy has devoted itsel! 
to inventions for determining distances, ranges, etc 
and some of these instruments are admirable, but none 
are at all times perfectly reliable. Fiske’s stadimeter 
is an excellent instrument, his range finder has also 
in practice under favorable conditions proven to be 
very good, but for target practice the gun itself is 
generally conceded to be the best range finder. But 
in practice and especially in a naval engagement these 
instruments and means will not always be available 
and therefore every contribution to the subject ot 
range finding or estimating distances should be dili- 
gently considered and practised for successfully exe- 
cuting maneuvers and conducting target practice. 

When executive officer of the U. S. S. “Montgomery” 
under the command of Capt. George A. Converse (at 
present rear-admiral and chief of bureau of ordnance) 
the writer was directed to carry out exercises for esti 
mating distances. The captain sent the navigator out 
in the steam launch with a stadimeter to go to vary- 
ing distances of from 2,000 to 4,000 yards. Upon 
arrival at predetermined distances the captain re- 
quired the executive and divisional officers to estimate 
the distance of the steam launch. Gun pointers and 
sharpshooters were likewise all required to secretly 
report their several estimates of the distances 
of the steam launch. When this was first tried 
the estimates by different officers and men_ varied 
as much as 500 yards, but after a little practice the 
variations differed by less than 50 yards and a large 
percentage of the estimates were very close. This 
exercise was another evidence of the fact that practice 
makes perfect, and the great improvement in our 
target practice demonstrates this most forcibly. The 
terrible disaster recently experienced on board the 
“Missouri” is greatly to be deplored, but notwithstand- 
ing the appalling risks, the necessity for such target 
practice is too urgent to permit us to entertain the 
thought of restricting target practice. 

The advantages of this practice of the “Montgomery” 
at Pensacola before the war bore good fruit subse- 
quently in the destruction of Fort Canuelo at the 
bombardment of Porto Rico, May 12, 1898, where 
the “Montgomery” threw 314 5-inch shell from six 
5-inch guns in a period of exactly five minutes, at the 
end of which time there was nothing left of that fort. 

While in command of the U. S. S. “Monterey” in the 
Asiatic fleet last year (1903) the writer adopted a 
simple method of estimating distances by which offi- 
cers and men became very expert in estimating dis- 
tances vere accurately. 

This method consists of getting two lines of sight, 
one with the right and the other with the left eye. 
The observer simply sights with his right eye along 
the right forearm extended to its full extent and 
pointing with the right forefinger at the distant object 
He then closes the right eye and sights with the left 
eye, holding the right arm and head rigid as before. 
tn this case the second or left-eye line sight will point 
to the right of the object first sighted with the right 
eye, a distance equal to one-tenth of the distance that 
the said object is from the pointing finger of the ob- 
server’s right hand. These two lines of sight intersect 
at the point of the forefinger of the right hand, and 
with lines joining the two eyes and lines joining the 
object with the point to which the left-eye line of 
sight shall have moved to the right, form two right- 
angled triangles which are opposite and similar. 

The eyes are normally 2.75 inches apart and the 
right forearm fully extended will bring the point 
of the right forefinger 27.5 inches from the right eye; 
the proportion of 10 to 1 exists between the base anid 
altitude of the smaller right-angled triangle, and the 
same proportion exists between the larger triangle in 
which the base is the estimated distance that the 
left-eye line of sight shall have moved to the right ot 
the object and the altitude is the distance of the object 
from the intersection of these two right-angled tri- 
angles. 

An example of the practical use of this method wil! 
be clearly understood. While at Chefoo the “Mon 
terey” was required to take position 300 yards from the 
“Monadnock.” The “Monadnock” was 55.5 feet beam 
and when directly astern of the “Monadnock” observer 
pointed at the mast of the “Monadnock” and observed 
that the left-eye line of sight moved to the right a 
distance equal to a beam and a half of the “Monad 
nock,” a distance equal to 55.5 feet plus 27.75 or 83.2: 
feet, making the distance of the “Monadnock” 832.5 
feet. By pointing to the port edge of the after turret 
of the “Monadnock,” a point just 34.5 feet from th: 
edge of the starboard rail at its greatest midshi) 
section, the distance was found to be 900 feet when 
the left-eye line of sight pointed to the right at 4 


* From Proceedings of U, S. Naval Institute, 
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ustance such that the “Monadnock” might just fill 
space between that point and the position of her 
arboard rail, a distance of 90 feet It was required 
it the “Monterey” should be 300 yards or 900 feet 
ym the “Monadnock” and every officer and man on 
ard could at any time determine the distance 
rhe distance which the left-eye line of sight moves 
the right of the previously observed line of sight 
th the right eye, is only an estimate and if that 
imate is erroneous the distance will have been esti 
ited thereby with an error ten times that of the first 
imated lateral displacement if this lateral erro: 
iounts to 10 vards the estimated distance will be 
0” yards in error, but such error will not be realized 
A little prac 
distances of objects ol 


those who are expert in this method 
especially in observing 
own dimensions, will make the error in the esti 
nated lateral displacement of the left-eye line of sight 
y small, much less than a foot, and therefore inva 
ibly give the distance within 5 or 6 feet of the true 
tance, even when the object, such as a steamer at 
i. may be 2 or 3 miles distant 
\ necessary corollary of this is that the length of 
ship or any other object at a known, or previously 
ermined distance, will also be given by observing 
estimated lateral displacement of the left-eye line 
sight and giving the estimated length of that object 
r example, if a ship when broadside on) as one- 
tenth of her distance from observer 
This method of observing and estimating distances 
while under the 
every day 


was used on board the “Monterey” 

iters command on the Asiatic station 
i! setting up drill at morning and evening quarters 
livisional officers then required the men to estimate 
t distances of vessels in the harbor taking advantage 
» of the length and beam of the ships or 
near by as might offer 


0 snow le« 
hoat 
This method is not altogether limited to determine 
tances during daylight but with range lights at say 
feet apart when broadside on, the distance of the 
nee lights from the observer might be very accurately 


rmined at, say 1,500 vards, when the lateral dis 
placement of the left-eye line of sight should happen 
between the lights 
\lonterey” 


is found 


to be exactly one-half the distance 
While estimating distances on board the 
Capt 


the method used by Converse it wi 


ihat the estimates of distances differed widely under 

fferent conditions of the atmosphere, whether hazy 
or in bright sunlight, but this method of the right 
int left-eye lines of sight will be found by practice 


to be quite atmospheric conditions 
The method is manifestly 
meter may be left below, or out of 


available, but 


independent of 
always available; a stadi 
adjustment, or 
officer and man 
always appear with his eyes and arms and intelli 


otherwise not every 
ae use will by practice make him more or less inde 
enudent of instruments. The gun is claimed to be the 
best range finder, but in an engagement it may and 
probably will be often impossible to determine where 
ithe shell from your gun struck, if other ships and 
suns are firing at the same time, and the writer knows 
f no instrument that can be depended upon to meet 
all the requirements that will arise in a naval en- 

vement This method is therefore 
mended as a most valuable aid for successtully carrying 


earnestly com 


maneuvers in naval tactics and in target practice 
Since officers and men are not all uniform in size 
s evident that the distance of the end of the right 
with the right arm fully extended in front 


orefiger 


of the right eye, from the right eye. is not always 
sactly 27.5 inches, neither is the distance between 
two eyes always exactly 2.75 inches: but the ratio 


between those two distances of ten to one always is 
or can be made to be the same This ratio will have 
o be determined for each and every individual, and in 
tase practical experiment should show this ratio 
to be wrong. the individual can readily make this 
either by prelonging the point of intersection 
( lie two triangles by means of a lead pencil in case 
the ratio of the length of forearm and distance be- 
tween the eyes is less than ten to one, or by using 
the thumb as pointer in case the ratio is greater 
ihan ten to one. The proportion of ten to one is the 
Most convenient individual 
. d be taught to ascertain his own personal range- 
lines 


factor to use and each 


uding ratio for estimating distances by two 
from the right and left eves. 

scientific range finding it 
fashion to regard all mere estimates of distances 
unreliable, but judg- 
ine are required even when using the accurate in 


of sight 
many discussions on 


a tterly estimates and good 


struments of precision, and observers are required to 


‘pend upon their estimates of coinciding reflected 
images, ete. In the most scientific range finder which 
the writer has ever used, viz.. Carl Zeiss’s stereo- 
SCO] range finder, in which the stereoscopic plastic 


or depth of perspective is the principle, the observer 
led on to estimate when the image of the distant 


object appears to be at the same perspective depth as 
rey n figures on a seale blending into the perspective 
Vie of that distant object Here good judgment is 
‘requisite and observer must have two eyes of equally 
soo visual power. It is therefore absurd to ridicule 
me ds of estimating distances. 

Careless observations of distances by this simple 


d of the two lines of sight with right and left 


e) vill never give reliable results. This method, 
thoizh simple, requires rigid compliance with its 
con itions. The right forearm must be fully extended 


an’ directly in front of the right eye. When the 


igh! eye is closed and the left eye line of sight used 
the observer must be very careful to keep his arm and 
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his head exactly in the same position, the very slight 
est deviation will cause a great error and vitiate the 
predetermined ratio of the distance between the eyes 
and the distance of the end of the index finger from 
the right eye. Again the Gdserver must be extremely 
careful that the two triangles formed by the intersec 
tion of the right-eye and left-eye lines of sight are 
strictly right-angled triangles, and also that the point 
o! the lateral displacement of the left-eye line of sight 
to the right of the object is a point in a line parallel 
with the line between the eyes or at right angles to the 
right-eye line of sight 
Again, in estimating 
values—of the length of a ship, tor 
observer must be sure that the observed ship is broad 


using known 
instance—the 


distances by 


side on, or if not broadside on he must make allowance 
for the way she is heading. It is evident that if the 


observer is off the starboard quarter of a distant vessel 


300 feet long for example, and if his first right-eye line 
of sight pointed at her stern and his second or left- 
her bow, the lateral left 


eye line of sight pointed t 
eye line of sight would not have been 
distance of 300 feet, but only about 225 feet, and the 
distance in that case would be about 2,250 feet in 


displaced a 


stead of 3.000 Leet. 

The greatest and in fact the only objection to this 
method of estimating distances is its simplicity It 
is so very simple that few will take the trouble to 
rigidly adhere to its requirements, but to those who do 
strictly comply, practice will prove it to be much better 
than some instruments of precision that claim to be 
accurate range finders. This method may be said to be 
never liable to get out of adjustment, but that is not 
true, for every careless observation, when observer 
does not have his arm properly extended directly in 
front of the right eye or should move his arm or his 


both eyes, may be 


head between the observations of 
designated as being out of adjustment 

It is earnestly hoped that the naval service will 
take up this method and require every officer and man 
it at every opportunity. I[t is always avail 
nothing but 


to practise 
able, requires no 
practice But 
obtained by strictly adhering to the 
is so easy that it is difficult to comply with its strict 


apparatus and costs 


strict correct estimates will only be 


requirements. It 


requirements 
The writer had the tops of the turrets marked with 


white 


lines as a dumb compass that facilitated taking 
of distant objects from the 
very decided aid in estimating dis 


bridges, that 


be a 
Tances 

To insure accuracy in estimating distances it is ad 
visable for divisional officers to have a richt-angled 
triang light 
such as to simulate the observer's small right-angled 


constructed of battens of dimensions 


triangle 
275 
The base may have a smail groove to fil over th 
nose. Then closing left eye obsegve along the edge 
with right eye, sighting on distant objects. Then 


close ft 


le right eye and sight along the hypotenuse 
with left eye and estimate how far the 
right of the object first sighted 


left-eye line 


} 


of sight points to the 


FLOATING DOCKS 

At a meeting of the Institution of Civil Engineers a 
paper on ‘Floating Docks” was read by Lyonel E 
( *k, M. Inst. C.E. The following is an abstract of 
this communication: 

The paper deals with the floating dock as a method of 
getting at the under-water portion of ships, and the 
author points out that this appliance, although in com 


mon use, is less known in England than elsewhere 
which he ascribes to the fact that the rise and fall ol 
favors the exca 
vated form of dock, whereas in non-tidal waters, as he 


tides on the British coasts naturally 


shows by statistics, the floating dock is equally as com 
mon as the other 

The simplest form of floating dock consists of a hol 
low pontoon, forming the buoyant or lifting portion, 
with two hollow side walls on top of the same, forming 
the controlling portion of the system 
of “box” dock has been applied When built of iron 
however, such docks means of 
against rust and decay, and the self-docking principle 
was evolved. The first form of this consisted in con 


to this the nam 


required protection 


structing the box dock in such short sections that they 
could lift each other, and to this type the name of “sec 
tional” dock has been given. Later. in order to avoid 
the use of the numerous smal! sections. a modification 
was introduced by which two sections of any length 
lifted a third section between them, by allowing it to 
rest on the projecting ends of their pontoons. Sucl 


presented no longitudinal 


however 
and consequently another departure 


‘sectional’ docks, 
rigidity whatever 


was made in which the pontoens only were built in se 


tions, being bound together by continuous side walls 
and the self-docking operation consisted in removing 
any one pontoon from under the side walls, and lifting 
This type is known as the 
“sectional pontoon” dock. The longitudinal rigidity of 
this type, however, was not very great. and having the 
problem set them of lifting both long and short vessels 
the author's 
is now 


it onto the rest of the dock 


of equal displacement on the same dock 
firm introduced, in 1895. a new type which 
known as the “Havana” type. In this. the continuous 
side walls are on each side instead of on top of the pen- 
toons, thus extending downward to the full depth of 
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the same, and forming strong girders, to the sides ol 
which the pontoons are bolted. The self-docking of 
this type is carried out by unbolting the desired pon 
toon from between the side walls, and docking it on the 
rest of the ddéck. Later still, when yet greater rigidity 
was required, the firm introduced a new form, known 
as the “bolted sectional” dock, this being an ordinary 
sectional dock, but with the different sections rigidly 
The self-docking of this type is effected 
by so designing the end sections with points or proje« 
tions that these points can take under the square-ended 
central section and lift it, or alternatively, enter be 
tween the walls of the same when an end section is 
being lifted 

The author then proceeds to describe the one-sided 
types of dock. One is the “depositing” dock, in which 
stability is obtained by attaching the 
L-shaped dock to a floating outrigger by means of par 
reled hinged booms, the body or pontoon of the dock 
being built in the form of separate fingers. These fin- 
gers, Which carry the ship, are floated in between simi 


bolted together 


the necessary 


lar fingers of pile work or masonry placed on the shore 
Che dock is allowed to sink, leaving the ship supported 
on this fixed stagi: and the dock is then free to deal 
with other vessels. The other type, namely, the “off 
shore” dock, has the pontoon as a continuous struc 
ture, and stability is obtained by connecting the dock, 
by means of parallel booms, to columns fixed in the 
foreshore, the top boom being connected to a weighted 
cam which allows the dock to heel slightly athwart- 
ships, so that its horizontality can be maintained by 
regulating the valves. Lastly, a combination of the 
foregoing two types is mentioned, wherein the continu 
ous pontoon is used in conjunction with a floatifgrout 
rigger, on which are carried the dock’s boilers and any 
small repairing shops and machinery required in con 
nection with the dock 

The paper then passes on te the chief problems that 
confront the designer of a floating dock. The most im 
portant of these is the determination of the longitudi 
nal strength required when carrying a short, heavy 
ship on a long dock; and closely analogous to this is 
also the determination of the strains to which a dock 
is subjected in a seaway. The transverse strains due to 
the ship resting centrally on the dock are also treate:| 
of, and different internal bracing are dis 
cussed, especially the design of that portion of the dock 
which comes directly under the ship's keel. Lastly, the 
local strains on the dock’s structure due to water pres 
sure when submerged, and the working stresses allow- 
able under such conditions, are referred to 

The stability of a floating dock next 


types of 


engages the 
author’s attention, and the ordinary method and rules 
employed are given, for the stability of a ship is gov 
erned by different conditions from that of a dock. In 
the former, the shape of the water planes varies but 
slightly, but the angle of heel may be very great: 
whereas in the latter the shape of the water planes is 
always varying, but the angle of heel permissible is so 
small that it can be virtually disregarded in its effects. 
The stability of a dock is, therefore, best expressed by 
means of a curve giving the metacentric heights at al! 
states of immersion, from the time when it is sunk 
ready to receive a ship until the vessel is lifted, and 
the pontoon deck is above water. The method of calcu 
lating the stability of the one-sided types is also treated 
of, showing how, in the case of the depositing dock, it 
is the floating outrigger which has to provide the right 
ing moments, while in that of the off-shore dock, the 
weights on the regulating cams have to be arrange: 
to give the required control. 
The paper next proceeds to discuss the advantage: 
and disadvantages of the floating dock as compared 
with the excavated dock. First, it is pointed out that 
the time required for constructing a floating dock is 
much less than that needed for the excavated dock, and 
instances are given of large docks having been com 
pletely designed and built in well under a year. The 
advantage of the mobility of the floating dock is then 
discussed, both from the point of view that this allows 
of its being built in the cheapest and most suitable yard 
and then towed to its destination, and also that in the 
case of alterations to its site, or development of the 
port where it is placed, it is not tied to such site or 
port, but may be bodily moved to any more suitabl: 
place. The advantage of mobility from a strategica] 
point ot view is also shown, and it is pointed out how 
such a dock would be useful in connection with any 
existing arsenals, which are naturally always placed at 
some distance from the sea, for it could be sent down 
the channe! to pick up and patch “lame ducks” before 
they attempted the narrow leading to the 
arsenal. The author mentions that it has, indeed, been 
proposed that a floating dock should accompany a fleet 
into action, ready to pick up wounded vessels after 
an engagement, but in his opinion this is not yet a 
practical scheme, the difficulties of propelling such a 
dock even at ordinary cruising speeds being insur 
mountable. At the same time, he strongly advocates 
the use by all naval powers of a floating dock 
by a vessel containing ordinary ship-repairing tools 
which could at any time be easily transferred to any 
base that the fleet may have seized, or could provide 
or supplement the docking accommodation in 
home ports where the same did not exist or was of in 
sufficient capacity. The drawback to the extensive use 
of such a dock would naturally be the depth of water 
required at its moorings, but it is pointed out that the 
maximum amount of excavation required for the berth 
of a floating dock would never be more than that re- 
quired for the excavated dock 
whereas in the latter case the excavation would have 
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to be made entirely in the dry, in the former it would 
merely be the removal of material by ordinary dredgers 


On the other hand, the floating dock possesses many 


advantages in the choice of site, since it can be placed 
end-on with the stream, thus facilitating the entrance 
of vessels; and it does not require its entrance to be 
placed, like that of most graving-docks, more or less at 
right angles to the stream Again, in rivers which 
are subject’ to trong freshet, the floating dock is 


equally available either at high or low water, whereas 


a stone graving dock would either have to be built very 
much deeper than required, or else would be submerged 
in times of flood In connection with this, the author 
discusses the point whether a vessel on a floating dock 
is not much better pleced tor purposes of repairing or 
painting than in the bottom of an excavated dock, and 
points out how open to light and air are vessels on the 


He also claims that this openness of the float 


ing dock has other advantages in that it allows them to 


lormer 


deal with vessels of much greater length than the dock 
itself, and instances of this facility are adduced; while 
the one-sided docks have an equal advantage as regards 
beam of vessels lifted It ‘is admitted that floating 
docks have their limitation represented by = the 
amount of their lifting power, but at the same time it 
is argued that though they may not be able to lift a 
vessel entirely, they can frequently lift it enough to 
enable the required repairs to be effected 

The first cost of floating docks is dealt with, and in 
order that an idea of their cost may be obtained, a list 
of the actual hull weights of several docks of different 
types is given 

The cost of working is also dealt with, and it is 
pointed out that the floating dock has a great advan 
tage in respect of the cost of coal and oil, as the power 
required to lift a ship is much less than that required 
for a graving dock of similar capacity Instances are 
given where it cost on the average, less than 18s. to 
lift vessels displacing $.000 tons 

The cost of maintenance of a floating dock is gone 
into in some detail, and in the appendix many instances 
of the actual amount xpended on repair and unkeep 
are given, based on the results of a number of years 
from these it is found that the average cost is a little 
more than | per cent per annum of the first cost of the 
dock 

Some further statistics are given as to the useful 
life of a floating dock, and iron docks which have now 
been at work for over forty vears are mentioned, from 
which the author concludes that the useful life of a 
fifty vears 


floating dock may be fairly taken as at let 
He points out that a life of this duration requires only 
a sinking fund equal to | per cent per annum on the 
first cost of the dock invested at 2'. per cent 

In conclusion, a few of the most common appliances 
in the machinery of a floating dock are mentioned and 
illustrated 


THE WATERPROOFING OF FABRICS.* 
By H. Hiei 


Ir will be convenient to divide waterproof fabrics 


into two classes, viz., those which ; 


to 
water, and those which are water-repellent It is im 
portant to make this distinction, for, although all 
waterproof material is made for the purpose of resist 


ing water, there is a t difference between the two 


classes. The physical difference between them can be 
briefly summed up as follows: Fabrics which are com 
pletely impervious to water comprise oil-skins, mack 
intoshes, and all materials having a water-resisting 
film on one or both sides, or in the interior of the tab 
ric, Those coming under the second heading of water 
repellent materials do not possess this film, but have 
their fibers so treated as to offer less attraction to the 
water than the water molecules have tor themselves 
The principal members of the first group are the 
rubber-proofed goods: in these the agent employed is 
rubber in greater or less quantity, together with other 
bodies of varying properties. Before enlarging on this 
class, it will be necessary to give a short description 
of the chemical and physical properties of rubber 
Rubber, or caoutchouc, is a natural gum exuding 
from a large number of plants, those of the Huphor 
macew being the chief source for the commercial vat 
iety, The raw material appears on the market in the 
shape of blocks, cakes, or bottie-shaped masses, ac 
cording to the manner in which it has been collected 
It possesses a dark brown-—sometimes nearly black 
exterior; the interior of the mass is of a lighter shade, 
and varies trom a dingy brown to a dirty white, the 
color depending on the different brands and sources 
In the raw state its properties are very different from 
what they are after going through the various manu- 
facturing processes, and it has only a few of the char 
acteristics which are generally associated with India 
rubber. Chemically it is a complex hydrocarbon with 
the formula C,H and appears to consist of a highly 
porous network of cells having several different resins 


in their interstices, It is perfectly soluble in no single 


solvent, but will yield some of its constituents to many 


different solvents At a temperature of 10 deg. ¢ raw 


caoutchouce is a solid body and possesses very little 


elasticity \i 36 deg. C. it is soft and elastic to a high 


degree, and capable of being stretched sixteen times 


its length Further increase of temperature lessens 
its elastic properties, and at 120 deg. C. it melts While 


in the raw condition it has several peculiar properties 
one of which is: After stretching, and cooling suddenly 


while stretched, it retains its new form, and only re- 


vains its former shape on being warmed Another 
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striking feature is its strong adhesive capacity; this 
property is so powerful that the rubber cannot be cut 
with a knife unless the blade is wet; and freshly-cut 
portions, if pressed together, will adhere and form a 
homogeneous mass From these facts it will be seen 
how it differs from rubber in the shape of a cycle tire 
or other manufactured form 

The most valuable property possessed by raw caout 
choue is that of entering into chemical combination 
with sulphur, after which its elasticity is much in 
creased; it will then bear far greater gradations ot 


CS, 


heat and cold Chis chemical treatment of caoutchoue 
with sulphur is known as “vulcanizing,” and, if prop 
erly carried out, will yield either soft vulcanized rub 
ber or the hard variety known as vuleanite. On the 
other hand, caontchone, after vulcanizing, has lost its 
plastic nature, and can no longer be molded into var 
ous shapes, so that in the production of stamped or 
molded objects, the customary method is to form them 
in unvuleanized rubber and then to vuleanize them 
Raw caoutchoue contains a number of natural im- 
purities, such as sand, twigs, soil, ete.; these require 
removing before the manufacturing processes can be 
carried out Che first operation, after rough washing, 
is to shred the raw material into small strips, so as 
to enable the impurities to be washed out, This pro 
gainst the 
urface of a revolving drum (A, Fig. 1). carrying a 


cess is carried out by pressing the rubber 


number of diagonally arranged Knives, B. on its sur- 
face. A lever, (. presses the rubber against the Knives; 
PD is the fulerum on which (© works, & being a weight 
which throws back the lever on the pressure being re- 
moved. During this operation a jet of water is kept 


playing on to the knives to cool and enable them to cut 

Following this comes the passage between a pair of 
corrugated steel rollers (as shown in Fig. 2) These 
rollers have each a different speed, so that the rubber 
gets stretched and squeezed at the same time. Imme 
diately over the rollers a water pipe is fixed, so that 
a steady stream of water washes out all the sand and 
other extraneous matter In Fig. 2, AA are the steel 
rollers, while B is a screw working springs which 
regulate the pressure between the rollers. The power 
is transmitted from below from the pulley, C, and 
thence to the gearing 

The next operation, after well drying, is to thor- 
oughly masticate the shredded rubber between hot 
steel rollers, which resemble those already described, 
but usually have a screw-thread cut on their surfaces. 
Fig. 3 shows the front view of this masticating ma- 
chine, A being the rollers, while the steam pipe for 
heating is shown at B. Fig. 3a gives a top view of the 
sume machine, showing the two rollers 

\fter passing several times through these, the rub- 
ber will be in the form of homogeneous strips, and is 


then ready either for molding or dissolving. As this 
paper is dealing solely with waterproofed textiles, the 
next process which concerns ts is the dissolving of the 
rubber in a suitable solvent, Benzol, carbon-bisulphide, 
oil of turpentine, ether, and absolute alcohol, will each 
dissolve a certain amount of rubber, but no one of them 
used alone gives a thorough solution. The agent com- 
carbon-bisulphide, together with 10 
per cent of absolute alcohol Whatever solvent is used, 
alter being steeped in it for some hours the caoutchouc 
swells out enormously, and then requires the addition 
of some other solvent to effect a complete solution, A 


monly employed 
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general method is to place the finely shredded rub. 
in a closed vessel, to cover it with carbon-bisulph 

and allow to stand for some hours. Toward the eid 
of the time the vessel is warmed by means of @ steom 
coil or jacket, and ten parts absolute alcoho! are ade oq 
for every 100 parts of carbon-bisulphide. The whol 
is then kept gently stirred for a few hours Fiz. 4 
shows a common type of the vessel used for dissolving 
rubber. In this diagram, A is the interior of the 

sel, and Ba revolving mixer in the same. The wh o| 
vessel is surrounded by a steam jacket, (, with a 
steam inlet at D and a tap for condensed water at /) 
F is the cock by which the solution is drawn off, 

After the rubber is dissolved, about 12 to 24 per cent 
of sulphur is added, and thoroughly incorporated with 
the solution. The sulphur may be in the form of chico; 
ide of sulphur, or as sulphur pure and simple. A very 
small quantity of sulphur is required to give the necos 
sary result, 2 to 3 per cent being sufficient to effect 
vulcanization; but a large quantity is always added jo 
hasten the operation. 

Even after prolonged treatment with the two 
vents, a solution of uniform consistency is never 
tained: clots of a thicker nature will be found floatinns 
in the solution, and the next operation is to knea: 
up so as to obtain equal density throughout Fig 
will give an idea of how this mixing is done. 


\t the top of a closed wooden chamber is a covers 
reservoir, A, containing the solution of rubber \ lo 
slit at the base of this reservoir allows the solution to 
tall between sets of metal rollers, BBB, below Neigh 
boring rollers are revolving in opposite directions, and 
at different speeds, so that, aiter passing all three sets 
of rollers, and emerging at the bottom, the solution 
should be of uniform consistency. CCC are the guiding 
funnels, and LE are scrape to clear the solution from 
the rollers. D is a wedge-shaped plug worked by a 
rack and pinion, and reguiates the flow of the solution 

It now remains to apply the rubber to the fabric and 


vuleanize it. Up to this stage the sulphur has only 
been mechanically mixed with the rubber: the aid of 
heat is now required to bring about chemical con.bina- 
tion between the two. This process, which is known 
as “burning,” consists in subjecting the rubber-covered 
fabric to a temperature of about 120 deg. C. Sulphur 
itself melts at 115 deg. C., and the temperature at 
which combination takes place must be above this 
Fig. 6 shows one of the methods of spreading the rub 
ber on the cloth. A is the tank containing the solu 
tion with an outlet at the bottom arranged so a i) 
regulate the flow of solution. The fabric passes slowly 
underneath this, receiving as it travels a thin coating 
of the waterproofing. The two rollers at B press the 


Fig. 4. 


solution into the fabric and distribute the prooting 
evenly over the entire surface 

After leaving the two squeezing rollers, the cloth 
travels slowly through a covered chamber, (, having 
a series of steam pipes, LE, underneath, to evaporite 
the solvent; this condenses on the upper portion ol | he 
chamber, which is kept cooled, and flows down lit 
sides into suitable receptacles. After this the prooiecd 
cloth is vulcanized by passing round metal cylinders 
heated to the necessary temperature, or by pass.ns 
through a heated chamber. Fig. 7 shows the spread 
ing of rubber between two fabrics. The two clo hl 
are wound evenly on the rollers, BB; from this ey 


are drawn conjointly through the rollers, JD: he 
stream of proofing solution flowing down between ‘h¢ 
rollers, which then press the two fabrics together th 


the rubber inside. The lower rollers marked CC ire 
heated to the necessary degree, and cause the ru el 
and sulphur to combine in chemical union. 

So tar the operation of proofing has been desc! ed 
as though pure rubber only was used; in practice Ne 
rubber forms oniy a small percentage of the pro: Ns 
material, its place being taken by cheaper bodies. ne 
of the common ingredients of proofing mixture I 
boiled linseed oil, together with a small quantit: 0! 
litharge; this dries very quickly. and forms a gl y. 
flexible film. Coal-tar, shellac, colophony. et« ire 
all used, together with India-rubber varnish, to ike 
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di ent Waterprool compositions Gil of turpentine 
al venzol form good solvents tor rubber, but it is ab- 
so! tely essential that both rubber and solvent be 
IM etly anhydrous before mixing. Oil of turpentine, 
ile Lol, ete., can be best deprived of water by mixing 
wi either sulphuric acid or dehydrated copper sul- 


ph and allowing to stand. The acid or the copper 
sa! vill absorb the water and sink to the bottom, 
lea, ng a supernatant layer of dehydrated turpentine 
or hatever solvent is used. All the sulphur ina 


aL r-proofed cloth is not in combination with the 
ru r: it is frequently found that, after a lapse of 
tin rubber-proofed material shows an efflorescence ot 
sul cur on the surface, due to excess of sulphur, and 
occ. -ionally the fabric becomes stiff and the proofing 
sea. s off. Whenever a large proportion of sulphur is 
prevent, there is always the danger of the rubber 
foriiing slowly into the hard vuleanite state, as the 
su ance commonly called vulcanite consists only of 


oresnary vulcanized rubber carried a stage further by 

me ulphur being used and extra heat applied. If, 

al vulcanizing, rubber is treated with caustic soda, 

al! ‘his superfluous sulphur can be extracted; if it is 
a y 


then well washed, the rubber will retain its elasticity 
for a long period. With the old methods of proofing, 
heet of vulcanized rubber was cemented to a fabric 
with rubber varnish, and frequently this desulphur- 
izing was performed before cementing together. The 
result was a flexible and durable cloth, but of great 
weight and thickness, and expensive to produce. 

The chemistry of rubber is very little understood; 
as mentioned previously, rubber is a highly complex 
hody, liable to go through many changes. These 
changes are likely to be greater in rubber varnish, con- 
isting of half a dozen or more ingredients, than in the 
case of rubber alone. The action of sunlight has a 
powertul effect on rubber, much to its detriment, and 
appears to increase its tendency to oxidize. Vuleanized 
inbher keeps its properties better under water than 
when exposed to the air, and changes more slowly if 
kept away from the light. It appears as though a 
slight decomposition always takes place even with pure 
rubber; but the presence of so many differently consti- 
tuted substances as sometimes occur in rubber solu- 
tions no doubt makes things worse. Whenever a num- 
her of different bodies with varying properties are 
consolidated together by heat, as in the case of rubber 
‘compositions, it is only reasonable to expect there 
will be some rmoleenlar rearrangement going on in 


Fie. 6. 


the mass; and this can be assigned as the reason why 
some proofings last as long again as others. Some me- 
tallic salts have a very injurious action on rubber, one 
or the worst being copper sulphate. Dyers are fre- 
quently warned that goods for rubber proofing must 
be tree from this metal, as its action on rubber is very 
powertul, though but little understood. As is general- 
ly known, grease in any form is exceedingly destruc- 
tive to rubber, and it should never be allowed in con- 
tact in the smallest proportion. Some compositions are 
made up by dissolving rubber in turpentine and coal- 
tar: but in this case some of the rubber’s most valu- 
able properties are destroyed, and it is doubtful if it 
(an be properly vulcanized. Cwing to rubber being a 
had conductor of heat, it requires considerable care to 
Vilcanize it in any thickness. A high degree of heat 
app.ied during a short period would tend to form a 
layer of hard vuleanite on the surface, while that im- 
mMeciately below would be softer and would gradually 
Merce into raw rubber in the center. 
The different brands of rubber vary so much, espe- 
“lal'y with regard to solubility, that it is always ad- 
Visuile to treat each brand by itself, and not to make 
ution of two or more kinds. Oilskins and tar- 
Palins, ete., are mostly proofed by boiled linseed oil, 
Will or without thickening bodies added. They are 
ho! ol sufficient interest to enlarge upon in this article, 
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so the second, or “water repellent” class, has now to be 
dealt) with. 
All the shower-prooft fabrics come under this head- 


ing, as well as every cloth which is pervious to air 


and repulsive to water. The most time-honored recipe 
for proofing woollen goods is a mixture ot sugar of lead 
and alum, and dates back hundreds of years. The 
system of using this is as follows: The two ingre- 
dients are dissolved separately, and the solutions mixed 
together. A mutual decomposition results, the base of 
the lead salt uniting with the sulphuric acid out of 
the alum to form lead sulphate, which precipitates to 
the bottom. The clear solution contains alumina in the 


form of acetate, and this supplies the proofing qual 
ity to the fabric. It is applied in a form of machine 
shown in Fig. 8, which will be seen to consist of a 
trough containing the proofing solution, (, with a pair 
of squeezing rollers, AA, over the top. The fabric is 
drawn down through the solution and up through the 
squeezers in the direction of the arrows. At the back 
of the machine the cloth automatically winds itself on 
to a roll, B, and then only requires drying to develop 
the water-resisting power. ( is a weight acting on a 
lever which presses the two rollers, AA, together. The 
water-repelling property is gained as follows: 
Drying the fabric, which is impregnated with ace- 
tate of alumina, drives off some of the volatile acetic 
acid, leaving a film of basic acetate of alumina on each 
wool fiber. This basic salt is very difficult to wet, and 
has so little attraction for moisture that in a shower of 
rain the drops remain in a spheroidal state, and fall off. 
In a strong wind, or under pressure, water eventually 


penetrates through fabrics proofed in this manner: 
but they will effectually resist a sharp shower. Un 
fortunately, shower-proofed goods, with wear, gradu- 
ally lose this property of repelling water. The equa- 
tion representing the change between alum and sugar 
of lead is given below. In the case of common alum 
there would, of course, be potassium acetate in solu- 
tion besides the alumina. 
Alum. Sugar of lead 
ALK.(So,) 
Lead Potassium Aluminium 
sulphate. acetate. acetate. 
= 4PbSo, + 2KC.H,0 

Now that sulphate of alumina is in common use, 
alum need not be used, as the potash in it serves no 
purpose in proofing. 

There are many compositions conferring water-re- 
sisting powers upon textiles, but unfortunately they 
either affect the general handle of the material and 
make it stiff, or they stain and discolor it, which is 


equally bad. A large range of waterproof compositions 
ean be got by using stearates of the metals; these, in 
nearly every case, are insoluble bodies, and when de- 
posited in the interior of a fabric form a water-resist- 
ing “filling” which is very effective. As a rule these 
stearates are deposited on the material by means of 
double baths; for example, by passing the fabric 
through (say) a bath of aluminium acetate, and then, 
after squeezing out the excess of liquid, passing it 
through a bath of soap. The aluminium salt on the 


labric decomposes the seap, resulting in a deposit ot 
insoluble stearate of alumina. This system of proot 
ing in two baths is cleaner and more economical than 
adding all the ingredients together, as the stearate 
formed is just where it is required “on the fibers,” and 
not at the bottom of the bath. 

One of the most important patents now worked for 
waterproofing purposes is on the lines of the old alu- 
mina process. In this case the factor used is resin, 
dissolved in a very large bulk of petroleum spirit. The 
fabrics to be proofed (usually dress materials) are 
passed through a bath of this solution, and carefully 
dried to drive off the solvent. Following this, the 
goods are treated by pressing with hot polished metal 
rollers. This last process melts the small quantity ot 
resin, which is deposited on the cloth, and leaves each 
single fiber with an exceedingly thin film of resin on it. 
It will be understood that only a very attenuated solu 
tion of resin is permissible, so that the fibers of the 
threads and not the threads themselves are coated with 
it If the solution contains too much resin the fabric 
is stiffened, and the threads cemented together; where- 
as if used at the correct strength (or, rather, weak- 
ness) neither fabric nor dye suffers, and there is no 
evidence of stickiness of any description. 

Fig. 9 shows a machine used for spreading a coat 
of either proofing or any other fluid on one side of the 
fabric. This is done by means of a roller, A, running 
in the proofing solution, the material to be coated 
traveling slowly over the top and just in contact with 
the roller, A, which transfers the proofing to it. Should 
the solution used be of a thick nature, then a smooth 
metal roller will transfer sufficient to the fabric. If the 
reverse is the case, and the liquid used is very thin, 
then the roller is covered with felt, which very ma- 
ierially adds to its carrying power. As shown in Fig. 
9, after leaving the two squeezing rollers, BB, the tab 
ric passes slowly round a large steam-heated cylinder, 
(, with the coated side uppermost This dries the 
proofing and fastens it, and the cloth is taken off at D. 

Besides stearates of the metals, glues and gelatines 
have been used for proofing purposes, but owing to 
their stiffening effect, they are only of use in some 
few isolated cases. With glue and gelatine the fixing 
agent is either tannic acid or some metallic salt. Tan- 
nic acid converts gelatine into an insoluble leather-like 
body: this can be deposited in the interstices of the 
fabric by passing the latter through a gelatine bath 
first, and then squeezing and passing through the tan- 
nic acid. Bichromate of potash also possesses the 
property of fixing the proteid bodies and rendering 


them insoluble. 


HOW IMMIGRANTS ARE INSPECTE).* 


By Dr. U. S. Public Heaith and 
Marine Hospital Service 

INSPECTION of our immigrants may be said to begin 
in Europe. The immigrant usually buys his steamship 
ticket in his native town from an agent or subagent 
of the steamship company. The agents of the best 
steamship lines are held responsible by the company 
for the passengers they book for America, and if they 
ship one of the excluded classes they are likely to lose 
their agency. This makes the agent examine the appli 
cants for tickets, and probably quite a large number of 
defectives are refused passage by agents of the first- 
class lines. These defectives then usually try some less 
particular and smaller lines and take chances of escap 
ing inspection at the Canadian or Mexican borders. 

The next serutiny to which the immigrant is sub- 
jected is that of the steamship authorities at the port of 
embarkation. This was formerly a perfunctory exam- 
ination, and is so still, as far as some lines are con- 
cerned, but first-class lines, notably the English and 
German, examine the immigrants carefully and with 
due regard for our laws. The strict enforcement ol 
our laws, and especially the imposition of one hundred 
dollars’ fine for bringing to our ports any case of a con 
tagious character, have occasioned some improvement 
in the inspection made by ships’ doctors at European 
ports. At the pert of embarkation the immigrants’ 
names are recorded upon lists or manifests, each list 
containing about thirty names. After each name the 
steamship officials are required by law to record an 
sewers to a certain number of queries relating to the 
immigrant 

Section 12 of the act of 1903 provides that the mani- 
fests shail state, in answer to the questions at the top 
of the manifest sheet, the full name, age, and sex; 
whether married or single; the calling or occupation; 
whether able to read or write; the nationality; the 
race: the last residence; the seaport of landing in the 
United States; the final destination, if any, beyond the 
port of landing; whether having a ticket through to 
such final destination; whether the alien has paid his 
own passage, or whether it has been paid by any other 
person or by any corporation, society, municipality, o1 
government, and if so, by whom; whether in possession 
of thirty dollars, and if less, how much; whether going 
to join a relative or friend and if so, what relative or 
friend, and his name and complete address; whether 
ever before in the United States, and if so, when and 
where; whether ever in prison or almshouse or an insti- 
tution or hospital for the care and treatment of the 
insane or supported by charity; whether a polygamist; 
whether an anarchist; whether coming by reason of 
any offer, solicitation, promise or agreement, expressed 
or implied, to perform labor in the United States, and 
what is the alien's condition of health, mental and phys. 
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ical, and whether deformed or crippled, and it so, tor 
how long and trom what cause 

The master o1 first officer and the ship's surgeon are 
required by the same law to make oath before an immi 
tration officer at the port of arrival that the list’s mani- 
fests are (to the best of their knowledge and belief true, 
ind] that none of the aliens belong o any of the ex 
luded classe alien is furnished with a card, 
vith his name, the number of the list on which his 
name appears and his number on that list The cards 
of minor children are given to the head of the tamily 
These cards are valuable and necessary for identifica 
ion, and facilitate inspection at the port of arrival 

The condition of the steerage quarters of a modern 
teamship depends largely upon the age of the ship and 
the degree of overcrowding The steerage of a first 
class ship of recent construction will afford accommo 
dations equal to those accorded second-cabin passengers 
mn less progressive lines First-class lines are careful 
also to prevent overcrowding. On some of the smaller 
and older ships the accommodations are limited, and 
overcrowding is permitted But it is safe to say that 
the worst steerage accommodations to be found on any 


hip entering New York harbor today are infinitely 
better than the best afforded by the sailing vessels or 
old “sidewheeler of the past 

On entering New York harbor the ocean liners are 
hoarded by the State quarantine authorities, and the 
immigrants inspected for quarantinable disease, such 
as cholera mall-nox, typhus fever, yellow fever, or 
plague Then the immigrant inspectors and a medical 
officer of the Public Health and Marine Hospital Sery 
ice board the vessel and examine the cabin passengers 
paying particular attention to the second cabin Chis 
cabin inspection is very necessary, and, before its in 
stitution, the econd-class cabin was the route most 
often employed by persons who found it necessary to 
evade the law After the completion of the cabin in 
spection the ship's surgeon reports any cases ot sick 
ness among the aliens in the ship's hospital The 
medical inspector examines these cases and later at 
ranges for their transfer, if deemed advisable, trom 
the ship to the immigrant hospital The immigrant: 
are then taken from the ship upon barges to the immi 
xrant station, Ellis Islend 

The medical examination at Ellis Island is conducted 
according to a system which is the result of many years 
of development The doctors work in pairs, and divide 
the inspection between them rhe immigrants, com 
ing m single file. are examined for certain defects by 
the first doctor, who detains each one long enough to 
keep a space of ten to filteen leet between he immi- 
rrants rhe second doctor, placed about thirty feet 
trom the first, disregards that part of the examination 


intrusted to his colle and contines his examina- 


tion to such defects as are not looked for by the first 
doctor The file of immigrants makes a right-angle 
turn just as it reaches the second doctor and this en 
thies the examiner to observe the side and back of the 
passenger in the shortest time possible 

The examiners follow a routine in this examination, 
and the serutiny begins at the approaching passenger = 
feet, before he comes within fifteen feet of the exam- 
iner The examiner scrutiny beginning at the feet 
travels upward, and the eyes are the last to be in- 
pected In this way ameness, deformity, defective 
evesight «through efforts to adjust his vision, after 
making the turn, to a new course) are detected. The 
‘ait and general appearance suggest health or disease 
to the practised cye, and aliens who do not appear nor- 
mal are turned aside, with those who are palpably «e 
fective, and more thoroughly examined later 

rhe medical examiners must ever be on the alert for 
deception The nonchalent individual with an over 
coat on his arm probably concealing an artificial 
arm: the child strapped to its mother’s back, and who 
appears old enough to walk alone, may be unable to 
walk because of infantile paralysis; a case of favus 
may be so skillfully prepared for inspection that close 
erutiny is required to detect the evidences of recent 
cleansing, and a bad case of trachoma may show no ex- 
ternal evidence and be detected only upon everting the 
evelid 

After the last alien in line has passed the doctor, the 
suspected ones turned aside are thoroughly examined; 
idiots and those suffering with a loathsome or danger 
ous contagious disease are certified and sent to the 
hoard of special inquiry. Cases not deemed fit to travel 
are sent to the hospital, and cases with some disability 
likely to make them a public charge are certified ac 
cordingly and also sent to the board of special inquiry 
Minor defects, such as anemia, loss of an eye, loss of a 
finger, poor physique, low stature, ete., are recorded on 
the alien's card and he is allowed to go to the registry 
clerk and immigrant inspector in charge of the mani- 
fest, who takes the defect into consideration as con- 
tributory evidence, and may or may not send him to 
the board 

After passing the doctors, the immigrants are 
rrouped, according to the number of their manifest 
heet, into lines of thirty or less At the head of each 
line is a registry clerk, or interpreter, and an immi- 
tration inspector The clerk, or interpreter, interro- 
cates each alien, and finds his name, and verifies the 
answers on the manifest sheet before him, and if, in the 
opinion ot the immigration Inspector the immigrant is 
not clearly and beyond doubt entitled to land, he is 
held for the consideration of the board of special in- 
quiry \ board of special inquiry, according to the law 
of 1908, “consists of three members selected from such 
of the immigrant officials in the service as the commis- 
ioner genera | immigration, with the approval of 
the secretary of commerce and labor, shall designate 


as qualified to serve on such boards The decision 
of any two members of a board shall prevail and be 
final, but either the alien or any dissenting member of 
said board may appeal through the commissioner of 
immigration at the port of arrival, and the commission- 
er general of immigration to the secretary of commerce 
and labor, whose decision shall then be final, and the 
taking of such appeal shall operate to stay any action 
in reward to the final disposal of the alien, whose case 
is so appealed, until receipt by the commissioner of 
immigration at the port of arrival, of such decision 
lo this “board of special inquiry” are sent the aliens 
certified by the medical officers as suffering trom loath 


some or dangerous contagious disease, idiocy, epilepsy 
and insanity 

in cases so certifi the law is mandatory, and the 
medical certificate is equivalent to exclusion, the board 
imply applying the legal process necessary for de 
portation \lieus certified by the medical officers as 
uffering from disability, likely to make them public 
charges, are also held ior examination before the board 
of special inquiry. The board in these cases takes into 
consideration the medical certificate and such evidence 
as may be adduced by the alien or his friends which, in 
the opinion of the board, would offset the physical dis- 
ability In these cases the board has full discretionary 
powers, and in a great majority of instances the alien 


is admitted Those certified as detective by the doctors 
group themselves naturally into four classes, and the 
following table indicates the disposition of such cases 
by the boards of special inquiry at New York during a 
fairly representative month 


DISPOSITION OF IMMIGRANTS CERTIFIED AT ELLIS ISLAND, N. ¥., 
MONTH OF COTOBER, 1905 


Class U 


Causes ponding beginning of! 

mouth gout 10 
Cuses certified during month i l 
Total to be wecounted for 
Cases ponding close of month “ 


Immigrants not detained for the board of special in 
quiry have their money changed into United States cur- 
rency, and buy their railroad tickets, under the super- 
vision of government officers If they are destined to 
points beyond New York city, government supervision 
is maintained until they are taken to one of the great 
railroad terminals and placed upon the waiting train. 
These precautions are taken to protect the immigrants 
from the boarding house “runners” and other sharpers 
who tie in wait for them at the Battery \liens de- 
tained as not clearly entitled to land are brought before 
the hoard, and, if the evidence is complete, either de- 
ported or discharged. When the evidence is incomplete, 
the immigrant detained pending the verification of 
his story, or the arrival of his relatives or friends All 
cases are disposed of as rapidly as possible, and immi- 
crants are detained the minimum amount of time re- 
quired for procuring and carefully considering the evi 
lence in the cas« Those ordered deported are returned 
to the ship as soon as possible after the decision is ren 
dered, providing no appeal is made 

Missionaries and representatives of various religious 


denominations and societies have offices upon Ellis Is!- 


and and render valuable assistance to the immigrant. 
They provide temporary shelter and protection for dis- 
charged aliens, and direct them to legitimate employ- 
ers of labor In this way they relieve the government 
of caring for mary temporarily detained aliens, espe 
cially young women traveling alone. They write letters 
ind send telegrams to the friends ot the detained immi- 
erants, and assist them in many other ways 

rhe fine adjustment of details and perfection of sys- 
tem which enable the tederal officers at Ellis Island to 
examine, under our laws, thousands of aliens each day 
must be seen to be fully appreciated, Nor is this care- 
ful and strict execution of our laws limited to Ellis 
Island The writer has roughly described the inspec- 
tion at New York, because it is our largest port of 
entry, but the same attention to detail and strict en- 
forcement of laws and regulations can be said to exist 
at all our ports, and an investigation, by any one inter- 
ested, will reveal the fact that not only are the laws for 
our protection strictly enforced, but their enforcement 
is marked by humane and kindly treatment of the alien 

SOME COTTON FIGURES 

Some figures just supplied to a distinguished mem- 
ber of Congress by the Department of Commerce and 
Labor, through its Bureau of Statistics. suggest the 
possibilities which await the cotton manufacturers of 
the United States when they may find time to enter 
seriously upon the task of turning into the manu- 
factured state the cotton produced in this country 
and now supplied in the natural state to the manu- 
facturers of other countries 

The figures in question show merely the exportation 
of cotton manufactures from Japan to China during 
a term of years, but as Japan draws largely from the 
United States the raw cotton with which it produces 
the manufactures in question the suggestion which 
they offer is naturally an interesting one to us. These 
figures of exports of cotton manufactures from Japan 
to China show that the total value of cotton varnrs 
exported from Japan to China in 1893 was $29,580, and 
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and of other cotton manu ‘acture 
in 1893 $221,783, and in 1903 $2,013,547, making UI 
total of cotton yarns and finished cotton manniacture 
sent from Japan to China in 1893 $251,363, and in 190 
$16,126,054. 

Meantime the quantity of raw cotton exported fro: 
the United States to Japan has grown from 793,24 
pounds in 1893 to 161,601,219 pounds in 1900, 1) 
value of the same being in 1893 $68,423, and in 190 
$12,712,619 The quantity and value in 1903 wer 
somewhat reduced by reason of the very high price « 
American cottons and the fact that Japan in years « 
high prices in America turns for a part of her cotto 
supply to India, where she finds a shorter staple an 
therefore lower prices. The general fact, however 
that Japan increased her purchase of our raw cotto 
from 68 thousand dollars in 1893 to 7!. millions j 
1903, and in the same period increased her sales « 


manufactured cotton to China from 251 thousand do 
lars in 1893 to 16 million dollars in 1903, suggests th 
possibilities which await the cotton manufacturers o 
the United States when they may choose to turn the 
cotton produced in this country into the finished 
state before permitting it to pass to the cotton con 
sumers of the world 

This industry, which has recently sprung up i: 
Japan, of buying American cotton, turning it into the 
manufactured state, and selling it to other countric 
is, of course, merely a reproduction of a process whic! 
has been going on for many years in the older manu 
facturing countries of Europe. The United Kingdom 
lor example, took in 1903 125 million dollars’ wort! 
of cotton from the United States, basing this statemen 
upon our figures of exports to that country; and it 
the same year exported $22 million dollars’ worth ot 
finished cotton goods and million dollars’ worth ot 
cotton yarns. Germany in the same year bought & 
million dollars’ worth of cotton from the United States 
as shown by our own figures of exports to that country 
and exported 80 million dollars’ worth of cotton manu 
factures, of which 71 millions was finished goods and 
the remainder yarns 

France took in 1903 35 million dollars’ werth of cot 


ton trom the United States, basing this statement 


again upon our export figures, and exported 35 million 
dollars’ worth of cotton manufactures, practically al! 
finished goods, the quantity of varns exported being 
less than $1,000,000 in value. Japan, as already indi- 
cated, took in 1903 714 million dollars’ worth of cotton 
from the United States, as indicated by our export fig- 
ures, and exported 20 million dollars’ worth of cotton 
manufactures, of which but 4'. millions was finished 
goods, while 15'. millions was yarn 

The tact that yarns. form a much larger proportion 
of Japan's exports of cotton manufactures than is the 
case with those of European countries is apparently 
due in part to the fact that her manufacturing estab 
lishments have not yet reached that stage of perfec 
tion in the production of finished goods whieh the 
older countries of Europe have attained: and in part 
also, to the fact that the people of her largest cus 
tomer, China, utilize yarns largely in the household 
manufactures of cotton cloths for domestic use, espe 
cially in years of high prices of finished goods. Thi 
is also true of the cotton exports of India, which in the 
year ending March 31, 1904, amounted to 24 millior 
dollars, of which 281. millions went in the form oi 
yarns, largely to China and other oriental countries 

Figures recently compiled by the Bureau of Statis 
tics show that the world’s exportation of cotton man 
ufactures amounts to about 653 million dollars annu 
ally, of which 400 millions goes in the form ot! 
cloths, 152 millions as miscellaneous finished goods 
and 101 millions cotton yarns. Of the 653 million do! 
lars’ worth of cotton goods thus exported by the various 
countries of the world for which statistics are avail 
able, the United States, although producing three 
fourths of the world’s raw cotton, exported in 1904 
but 22'. million dollars’ worth of cotton manufacture 
of which 14.7 millions was cloths, 7! millions mis 
cellaneous finished goods, and worth cotton 
varn In the same year, 1904, her importations o! 
cotton goods were 49! million dollars in value. o 
more than twice as great as the exports of cotton good 
in the same period. 


THE LIGHT OF THE GLOW-WORM. 
By Dr. T. Pripson. 

Sctentiric observers often meet with scant justic 
at the hands of literary men; and recently it was a 
serted by a well-known writer that “absolutely not! 
ing” was known about the light of the glow-worn 
The fact is, we know as much about that marvelou 
phenomenon as we can ever hope to know of any « 
the great mysteries of nature Justus von Liel 
onee said that Nature will answer all our question 
and these questions are our experiments It is tri 
that experiments often require much patience and 
certain gift of observation with which every one is Mm 
endowed. 

The electric commotions produced by the Torper 
and the Gymnotus have been traced, in these fish« 
to a special organ, a complicated structure connect 
with their nervous system, as they have been inves 
gated with considerable success by modern elect! 
cians. In the same manner the phosphorescent orga! 
of the glow-worm and the fire-fly have, during the la 
half-century, been the subject of numerous inquiri¢ 
but with somewhat less success, because in this ca 
the organ itself has not been so thoroughly disti! 
guished and described, and the light is not produesr 
by this organ directly, but by a secretion which issue 
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om it in the same manner as bile is produced by 

e liver or saliva from the salivary glands. This 

cretion has been called “noctilucine.” It is a white, 

ctuous substance, devoid of structure, and drying 
into thin, white, shiny films, like the mucine which 
ues from the body of the garden snail. It is prob- 

y as complicated in its chemical nature as are 

iny other glandular secretions produced by animals 

sher in the scale 

Noctilucine is produced not only by the glow-worm 

ampyris) and the fire-fly( Elater), but by the Scolo- 
» vdra, a myriapod or centipede not uncommon in 

e soil of our rose-beds and on our garden-walks 

ut the middle of the month of September; by the 
/ olas, a mollusk that bores into the woodwork of sea- 
ports and ships; and by the tiny Noctiluca miliaris, 
which is the chief cause of the phosphorescence of the 
waiters of the English Channel; not to mention the 
numerous gelatinous beings or polyps figured and de- 
scribed in my work on “Phosphorescence” (london, 
1362), and which are washed by the waves upon the 

ids of our coasts. 

t is more than probable that the peculiar substance 
noctilucine, which shines in the dark like phosphorus, 
is also produced by the decomposition of many organic 
substaneces—for instance, by the flesh of fish and by 
that of other animals; and | have recorded instances 

which it has been observed on the skin of man 
himself in cases of illness, and in various animal secre- 
tions. I presume that it is also present sometimes 
in vegetable substances, such as potatoes, which show 
a phosphorescent light when they decay under certain 
conditions of temperature and moisture, and that it is 
the substance which causes the phosphorescence of 
certain fungi, such as the mushroom (Agaricus)that is 
not uncommonly met with in Italy at the foot of the 
olive-tree. 

In all cases where noctilucine is present it yields the 
same kind of spectrum. When subjected to what is 
termed “spectral analysis” (that is, viewed through a 
slit and a prism) it yields a band of light extending be- 
tween the spectrum lines E and F, which in the case 
of the brilliant fire-flies of the West Indies will con- 
tinue sometimes as far as the line C. In this spec- 
trum we see neither bright lines nor dark bands; it 
is what is termed a “continuous spectrum.” 

That the light of noctilucine will affect a photo- 
graphic plate can be put in evidence in the following 
manner: On a small cardboard box with a perforated 
lid, and having a sensitive photographic plate at the 
hottom of it, a glow-worm is placed; and the whole 
heing covered with a glass tumbler standing on two 
thick straws (so as not to exclude the air), it is left 
in a dark cupboard all night. In the morning it will 
he found that the image of the perforations in the lid 
of the box have been reproduced upon the photographic 
plate. 

The chemistry of noctilucine is a complicated subject 
into which | cannot enter here. Its existence as a 
special product of decayed fish was first hinted at in 
I1s62 in my little work already mentioned; and it was 
first deseribed in a pamphlet which | reprinted from 
the Chemical News in 1875. A year later my discovery 
was confirmed by Prof. Ch. Robin and Dr. Labouléne 
of Paris, in their researches on the fire-flies of the 
West Indies. 

| first obtained this curious product by allowing 
several large centipedes (NScolopendra_ electrica), 
which are not uncommon in my garden at Putney, to 
crawl about in a porcelain dish with vertical sides, 
covered by a sheet of glass. When irritated these 
centipedes secrete a considerable quantity of it, which 
shines in the dark for a long time after they have 
heen allowed to escape. This was in September and 
October. Since I made these observations several 
artificial organic substances of a similar nature have 
been discovered; and numerous phosphorescent bac- 
teria have been met with, besides the luminous in- 
fusoria described by Ehrenberg a great many years 
ago, which appear to possess the faculty of producing 
noctilucine. 

With regard to the glow-worm and fire-flies being 
able, as it were, to extinguish their light at will, it 
is accounted for by the fact that the organ which 
produces the noctilucine is under the influence of the 
nervous system of these insects. It is well known 
how much, in the higher animals and in man himself, 
the secretions of the glands are under the control of 
the nerves. This is notably the case for the salivary 
glands, and the old expression, “His mouth waters at 
the sight of food,” is an apt illustration. I believe 
that in the little Noctiluca miliaris, a tiny being in 
which no nervous system has yet been detected, and 
Which causes the beautiful phosphorescence of the 
waves on our coasts, there must exist an organ which 
secretes noctilucine. These little melon-shaped ani- 
mals, that are not so large as a pin’s head, so long 
as they are quiescent come to the surface of the water 
and remain dark; but when the glass which contains 
the water is slightly struck with a pencil or the finger 
they sink down, and glow brightly like diamonds 
as they descend, as if their luminosity depended upon 
the movement and contraction of their bodies. 

In all these cases of animal phosphorescence, the 
production of the light appears to be due to the oxida- 
tion or slow combustion of the light-giving substance 
by the air causing the gradual decomposition of the 
hociilucine; but this substance will shine for some 
time under water, until all the air in that liquid is ex- 
hausted. It has been noticed that the eggs of the glow- 
worm are luminous in the dark for some time after 
they have been deposited. The glands which secrete 
the noctilueine in the Scolopendra electrica are situated 
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under the scaly rings of the centipede’s body, like 
those which secrete the wax in bees. At a certain 
period of the year (about October) the common earth- 
worm (Lumbricus) is highly phosphorescent, espe- 
cially those found in warm dunghills; and when their 
light is viewed through a spectroscope it also gives 
the spectrum of noctilucine which | have already 
described.—Chambers’s Journal. 


ELECTRICAL NOTES, 

Letters patent have recently been granted to Mr. 
John Melntyre, of Jersey City, for an electro-magnetic 
apparatus. The object of the invention is to provide 
an apparatus for the stimulation and vitalizing of live 
animal or vegetable objects by saturating, for instance, 
the whole human or animal object or the bed-soil of the 
vegetation uniformly with electricity in its normal 
condition, magnetism, by the employment of frequency 
magnetism derived from an electric cable-coil in circuit 
with a source of variable electric energy or frequency 
electric currents, such as alternating currents. The 
advantage this method possesses over others lies in the 
pliable cable-coil. By means of it, objects of almost 
every size and shape may be surrounded by the cable, 
which is preferably compactly coiled. Moreover, the 
magnetic effect may be closely regulated, decreased or 
increased, by the shape of the surrounding coil. This 
is due to the fact that the density of the magnetic 
field depends upon the condition and proximity to each 
other of the conductors carrying the current, 


The usual acidulated liquids employed in accumula- 
tors have many disadvantages, especially when the 
cells are carried in motor vehicles or in other circum- 
stances where they may be subjected to much shaking 
and vibration. The liquids are liable to be spilt or to 
penetrate through stoppers and corrode the terminals 
or wires and cause other annoyances. For this reason 
they have sometimes been replaced by pastes or jellies. 
M. Schoop, who has lately been experimenting in this 
line in France, gives the following preparation as one 
very suitable for the purpose: (1) A solution of sul- 
phurie acid in distilled water, having a specific gravity 
of 1.22. (2) A solution of silicate of soda, tree from 
chloride, in distilled water, with a density of 1.20. (3) 
A “bouillon” obtained by boiling for two hours in an 
enameled receptacle one kilogramme of asbestos card 
with two liters of water acidulated with 10 per cent 
of sulphurie acid. The cardboard disintegrates and 
is washed over a filter with distilled water, and is then 
squeezed as dry as possible by hand so as not to re- 
tain more than one-third its weight of water. Take 18 
liters of the acid solution No. 1, add 450 grammes of 
the wet asbestos fiber, and thoroughly mix in a glass 
or ebonite vessel. Rapidly pour in 41. liters of the so- 
lution No. 2, and stir until it assumes an oily appear- 
ance. Then pour the composition into the accumula- 
tor, the plates having been moistened with acidulated 
water, and leave for 24 hours to settle. The liquid 
gradually thickens, and finally becomes a solid jelly 


In the latter part of December, 1904, a 5,500-kilo- 
watt, 25-cycle turbo-generator built by the Electric 
Company was put in operation in the 74th Street Sta- 
tion of the Interborough Rapid Transit Company, New 
York. It was the first Westinghouse unit of this size 
to be put in service, although a number of similar ma- 
chines are approaching completion. The next day 
after this machine was put in service, it carried loads 
as high as 8,000 kilowatts, and for considerable periods 
loads between 7,000 and 8,000 kilowatts were of com- 
mon occurrence. This turbo-generator is the largest 
now in service. Within a few days after the machine 
was put in service, and while operating in parallel with 
six of the slow-speed 5,000-kilowatt machines in the 
same station, a short-circuit occurred among the main 
leads at a point between the turbo-generator and the 
switchboard. This was a dead short-circuit and it trip- 
ped the automatic switches on all the slow-speed ma- 
chines, which were set at almost three times full-load 
current, but did not trip the safety switches on the 
turbo-generator on account of the fact that the are was 
so violent that it burned off the leads to the safety 
devices for this particular machine, though these leads 
were in a separate conduit It was necessary to cut 
the turbo-circuits off by hand and the short-circuit 
therefore continued on this machine some little time 
before it was cut out. Careful examination of the 
generator showed that it was absolutely uninjured in 
any way, as far as could be determined, and was ready 
for service immediately afterward, but could not be 
thrown in with the other machines on account of the 
main leads to the switchboard being burned off. The 
machine has been in service with heavy loads since 
these leads were replaced. The 5,500-kilowatt turbo- 
generator is run in parallel with the other machines in 
the station and the only notable difference in its oper- 
ation and that of the slow-speed machines is due to the 
difference in the speed regulations of the two types of 
engine. The steam turbine was adjusted so that it regu- 
Jated much more closely in speed than the low-speed en- 
gines and, in consequence, the turbo-generator takes the 
fluctuations in load. It is noted that when the turbo- 
generator is operating in parallel with the slow-speed 
machines, the latter machines carry a much stead- 
ier load than when the steam turbine is cut out, the 
turbine unit appearing to take all the fluctuations when 
it is in circuit. This unit, therefore, has something 
of the effect of a flywheel or a storage battery on the 
system. This effect, if considered undesirable, can 
be modified readily by adjusting the speed character- 
istics of the steam turbine. On account of its uniform 
rotative velocity and its relatively large flywheel ca- 
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pacity, the turbo-generator is particularly suitable for 
operating rotary converter systems such as the Inter 
borough. Such machines also operate extremely well 
in parallel, and the operation of a steam turbine unit 
with a reciprocating unit is, in general, considerably 
better than reciprocating units with each other, due to 
the fact that the mean rotative velocity of the combined 
units is better than in the case of reciprocating units 
alone. In the case of the Interborough slow-speed gen- 
erators, this effect is not noticeable, as there is no evi- 
dence of periodic speed fluctuations in the slow-speed 
units, due to a large extent to the heavy dampers on 
the machines, their large fly-wheel capacity, and the pro- 
portions of the engines which are designed for very 
small angular variation. Some months ago a series of 
tests was made to determine the paralleling qualities 
of turbo-generator units. At full voltage the machines 
ran perfectly in parallel. Filuetuations in speed were 
so slight that periods from one to fifteen seconds could 
be obtained for synchronizing. When the voltage was 
reduced to 60 per cent of the normal, the machines 
would carry the full current without any evidence of 
hunting. The voltage was further reduced and tests 
were made, until about 15 per cent of the rated voltage 
was obtained. Under .hese conditions the machines 
still remained in parallel when carrying full-load 
current, but the conditions of paralleling were 
not perfectly stable, the load being transferred from 
one machine to the other at an irregular but not 
rapid rate. As the synchronizing power varies ap- 
proximately as the square of the voltage, it Was 
extremely low in the last test cited. It is evident, 
therefore, that but small interaction is required he- 
tween such machines to maintain parallel operation.— 
Electric Club Journal. 


SCIENCE NOTES. 


We have nearly reached the limit in river pollution, 
says Mr. C. M. Woodward. The publie welfare will 
soon make an imperative demand for a halt. A great 
city like Chicago shall no longer load with poison a 
little stream like the Illinois, nor foully pollute a 
great river like the Mississippi. Let me frankly admit 
that even the city of St. Louis shall not forever dump 
and pour its refuse into the Mississippi River. 

When the national government takes up the fune- 
fion of guarding every stream from pollution (and no 
State government can deal effectively with the prob- 
lem) we shall have a great extension of the sphere of 
sanitary engineering. The recent discoveries by Dr 
George T. Moore, of the Department of Agriculture, 
suggest the possibility of purifying a polluted stream 
so as to make it not only clear and sweet, but abso- 
lutely free from algw and all harmful bacilli. The 
proper disposition of house drainage and the refuse ol 
factories is already a live engineering problem in [u- 
rope, and American engineers must no longer neglect 
it. The study of diseases and their prevention is fore- 
ing its way into engineering schools, as preliminary (to 
extensive engineering practice. Whatever form the 
solution of the problem may take, it will involve both 
chemical and hydraulic engineering, and the funda- 
mental principles of both must be carefully laid in our 
schools. 


In the Zeitschrift anorg. Chemie, Messrs IF. Haber 
and S. Tolloczko contribute an article upon the redue- 
tion to carbon of chemically-combined carbonic acid, 
of which an abstract appears in the Journal of Chem- 
ical Society. Solid sodium hydroxide was fused in an 
iron dish; it was then cooled, and as soon as it solidi 
fied was electrolyzed by a current of 0.15 ampere and 
11 volts, and finally at 200 deg. with 1 ampere and 
5 volts. The yield of sodium was 39 to 46 per cent 
Barium chloride was eiectrolyzed at a temperature 400 
deg. below its melting point When barium carbonate 
is added to barium chloride, carbon is formed at the 
cathode in quantitative amount. By aid of sodium, 
barium carbonate is readily converted into oxide, while 
carbon separates. Barium chloride and barium car- 
bonate were fused together in a nickel crucible, allowed 
to cool, and then electrolyzed at 550 deg. to 600 deg., the 
cathode consisting of iron, platinum, or graphite, Car- 
bon separated in a dendritic form. The E. M. F. be- 
tween 550 deg. and 580 deg. varied from 6 to 10.4 volts, 
while the current strength varied from 22 to 45 xX 10- 
amperes. In the experiments with graphite electrodes, 
the latter were not attacked. During the electrolysis 
of barium chloride in a Hempel furnace, carbon was 
formed at the cathode, owing probably to the action of 
carbon dioxide and oxygen present in the heating gases 
on barium chloride, a reaction which proceeds thus: 


BaCl, -+ CO, + O = BaCO, + Cl, — 11,850 cal. The 
analogous reaction with calcium chloride, proceeding 
according to the equation CaCl, + CO, + O = CaCO 


+ Cl, + 1,550 cal., was studied. Chlorine is also pro- 
duced in an analogous manner by the action of carbon 
dioxide and oxygen on sodium chloride. No carbon was 
obtained when barium chloride was electrolyzed in an 
electric furnace at about 600 deg. in an atmosphere of 
nitrogen. For the formation of barium and_ nickel 
chlorides as products of the electrolysis of solid barium 
chloride with nickel anodes, a polarization of 2.65 volts 
would be expected according to the equation Ba 4 
NiCl. = BaCl. + Ni + 122,400 cal. The value of 1.9 
volts was found corresponding with the free energy of 
formation of solid barium chloride and nickel from 
the reaction 2BaCl + NiCl, = 2BaCl. + Ni; the 
reaction Ba + BaCl, = 2BaCl + 34,600 cal. corresponds 
with 0.7 volt. Determinations of the FE. M. F. of two 
solid Daniell cells, PbCl./AgCl, agreed with the caleu- 
lated value 0.519 volt, 
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ENGINEERING NOTES 
Bighty-five and six-tenths per cent of the 


ears of the United States now have air brakes 


freight 
accord- 


ing to the last report of the American Railway Asso 
elation 
A new method for improving the properties of slag 


Herr Karl Zul- 
German 


cement has recently been deseribed by 


koski, professor of chemical technology in the 

high school at Prague, Austria He say hat it is a 
well-known fact that furnace slag slowly cooled in air 
possesses no hydraulic properties In this ondition 
it is known as ortho-calcium-silicate lo impart hy- 


lax must ve converted 


chilling the slag 


draulic properties to such 


into diealcium silicate by nddenty 


in cold water; the colder the water the higher the hy 
draulic 
the molten slag and 
vidual granule becomes 


ten slag is chilled in 


“ranulates 
about 40 per cent of each indi 
When mol- 


properties imparted rhe Vater 


tronely hydraulic 


lime water or other alkaline 


| properties ot 


water, the slag will absorb the alkaline 

the water and become hydraulic in a still higher de 
“ree. Molten slag. however, chilled in cold milk of 
lime will become hydraulic in the highest degree, and 
when ground will, in tensile and compressive rength 


Stone Trades Journal 


equal Portland cement 


The remarkable continuous run of the Westinghouse 


steam turbine at (he St. Louis Exposition deserves a 
conspicuous place in the permanent record of steam 
engineering, says the American Machinist This 600- 


tarted in the Palace of Ma- 
stopped at 


horse-power turbine was 
chinery at 9:20 A. M 

11:32 A. M., 
hours As the 
minute, the total 
or approaching the billion mark The 
ied from 25 per cent underload to 25 per cent overload 
The turbine, after its 
responsible committee and Was 
dition, with practically no wear discoverable, the tool 
marks still remaining on the There have 
been at least two instances in 
rocating piston have continuously 
for as long a period as this record run of the Westing 
speed of rotation Was 


june 20, and Was 
December 2, the elapsed time being 35.962 


Was 5.000 Turns pel 


TOL 


speed maintained 
rotations VAS Sve 


lone var 


number ot 
vork 


stoppage, was examined by a 


found in pertect con 
bearings 
America in which recip 
engines been run 
house turbine, but, of course, the 
not one-tenth as great. The Machinist printed in 1905 
an account from New Wales of a contin 
uous run of six years by a compound 
built in 


South 
50-horse-powet! 
Leeds, England it 
lonz as may 
steam tur 


seems 


condensing engine 
to be possible to run engines a 


quired except for wear or breakage, and the 
bine minimizes these 


be re- 


contingencies 


by C. M. Woodward 
future we are 


In an interesting paper read 
at St. Louis, it was said that in the near 
likely to make great progress in the const 
rolling stock and moving machinery, as well as in the 
construction of bridges and buildings 

The adoption of electricity 
of traffic will result, in the first place, in 
ance of the heavy locomotive. So long as the 
tive was needed to pull a tong 
weight was necessary, and the weight of 
gines and the strength of bridges have 
at a rapid rate We saw a 
fair at St. Louis weighing over 200 tons. It was a mon- 
ster, indeed. 
every bridge in th 

But when each car 
freight, has its own motor and drives Itsell 
needed. Moreover, the car 


rnetion ot 


by railroads for all kinds 


the disappear 
locomo 
train ol ars rreat 
railway en 
been increasing 
locomotive at the recent 
Should such locomotives become common 
e country would have to be rebuilt 

whether for passengers or for 
the heavy 
locomotive is no longer 
itself should be made as light as 
with strength Weight is of no advantage to a sell 
driven car. The bicycle has taught us a great lesson in 
the art of construction—a maximum ol strength and 
stiffness with a minimum of weight This already 
prevails in girders and bridge constructions rhe same 


possible consistent 


principles should be applied to all rolling stock and 
moving machinery. Tubular axles, tubular spokes 
tubular fellies, tubular shafts, tubular everything is to 
be the law of future construction \ll the great steam 


engines and propellers already have hollow shafts, and 
increase In the amount and pre 


tubing manufactured and 


there will be a great 


cision of hollow steel used 


in the next ten vears. The mechanical and material 
advantage of tubular shafting is easily stated, Thus 
(1) If a solid cylindrical shaft be compared with a hol 


low shaft of the same weight per foot of length, but 


whose exterior diameter is » times as great, the strength 


of the hollow shaft in torsion is 2” ln times as 
great as that of the solid shaft (2) If only equal 
strength is required, the solid shaft having one nth of 
the diameter of the tube, will weigh 2n ln times 
as much. For a numerical example: (a) A thin tubu 
lar shaft four inches in diameter is seven and three- 


fourths times as strong as a solid shaft one inch in 


diameter which weighs the 
(>) A solid shaft weighs 


same per linear foot 

seven and thirty-one thirty- 
seconds (call it eight) times as much as a tubular shaft 
its diameter 


to that of the 


of equal strength and four times 
The ratio of stiffness of the 
shaft is even greater 
At the recent St 
offered for the 
up to 100 horse-power 


tube solid 
$2500 was 
lightest motor per horse-power. Motors 
eligible The prize was 
not awarded, for the that inventors and con 
structors of motors were not prepared to submit their 
tests required for efficiency and 
with distinct inten- 
motors which 
zhtness com- 
lesideratum, such as in 


Louis fair a prize of 


were 


reason 


rigid 
offer was made 
construction ol 


apparatus to the 
durability: but the 
tion of stimulating the 
should be suitable for 
bined with great streneth is a 
automobiles and airships 


vehicles where li 
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